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AVR Enhanced RISC Microcontrollers 

Atmel Corporation is a leading manufacturer of a broad range of high performance, low power 
nonvolatile memory and logic integrated circuits (ICs) that focus in the telecommunications, 
computer, networking, consumer and automotive markets. Atmel's Flash-based microcontroller 
families incorporate advanced single-voltage Flash memory technology in the industry's broadest line 
of Flash and EEPROM based products. 




With the Flash memory-based microcontrollers from Atmel, you can achieve safe, easy 
reconfigurability: 

-Change code in seconds, shortening the development cycle 

-Stock just one part 

-Zero scrap due to misprogramming 

-Accelerate product testing 

-Make changes remotely 

-Customize each product on the line 
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The AVR enhanced RISC microcontrollers are based on a new RISC architecture that has been 
developed to take advantage of semiconductor integration and software capabilities for the 1990's. 
The resulting microcontrollers offer the highest MlPS/milliwatt capability available in the 8-bit 
MCU market. 

High level languages are rapidly becoming the standard programming methodology for embedded 
microcontrollers due to improved time-to-market and simplified maintenance support. The AVR 
architecture was developed in conjunction with C language experts to ensure that the hardware and 
software work hand in hand to develop highly efficient, high performance code. 
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In order to optimize code size, performance and power consumption, the AVR architecture has 
incorporated a large fast-access register file and fast single-cycle instructions. 

The fast-access RISC register file consists of 32 general purpose working resisters. 
Traditional accumulator based architectures require large amounts of program code 
for data transfers between the accumulator and memory. With 32 working registers 
(accumulators) in the AVR these data transfers are eliminated. 

The AVR pre-fetches an instruction during the previous instruction execution and then 
executes in a single clock cycle. In other CISC- and RISC-like architectures, the external 
oscillator clock is divided down (by as much as 12 times) to the traditional internal 
execution cycle. The AVR enhanced RISC microcontrollers execute an instruction in 
a single clock cycle and are the first true RISC machines in the 8-bit market. 

The AVR architecture supports a complete spectrum of price performance from simple small pin 
count controllers to high range devices with large on-chip memories. The Harvard style architecture 
directly addresses up to 8M bytes of program memory and 8M bytes of data memory. The register 
files is dual mapped and can be addresses as part of the on-chip SRAM memory to enable fast context 
switching. 

The AVR enhanced RISC microcontroller family is manufactured with Atmel's low-power 
nonvolatile CMOS technology. The on-chip In-System Programmable (ISP) downloadable Flash 
memory allows the program memory to be reprogrammed in system through an SPI serial port or by a 
conventional memory programmer. By combining an enhanced RISC architecture with 
downloadable Flash memory on the same chip, the AVR family offers a powerful solution to 
embedded control applications. 



Overview 




AT90S1200 




AT90S2313 




AT90S4414 




AT90S8515 



Instruction Set 



Development Tools 




Package Outlines 



Miscellaneous Information 



Contents 

Features 2-3 



Description ,,.................••••••••••••■■■»■■••■•••■••••»■■■•■■■••■■ 

Pin Configuration 2-3 

Block Diagram 2-4 

Pin Descriptions .....................■■■■.......•■•■■■••••■■»■••■••■••■ 2™5 

Crystal Oscillator 2-6 

On-Chip RC Oscillator 2-6 

AT90S1200 AVR Enhanced RISC Microcontroller CPU 2-7 

Architectural Overview 2-7 

The General Purpose Register File 2-8 

The ALU - Arithmetic Logic Unit 2-8 

The Downloadable Flash Program Memory 2-8 

The Program and Data Addressing Modes 2-9 

REGISTER DIRECT, SINGLE REGISTER RD 2-9 

REGISTER INDIRECT 2-9 

REGISTER DIRECT, TWO REGISTERS RD AND RR 2-10 

I/O DIRECT 2-10 

RELATIVE PROGRAM ADDRESSING, RJMP AND RCALL 2-10 

Subroutine and Interrupt Hardware Stack 2-10 

The EEPROM Data Memory 2-11 

Instruction Execution Timing 2-11 

I/O Memory 2-12 

THE STATUS REGISTER - SREG 2-12 

Reset and Interrupt Handling 2-13 

RESET SOURCES 2-14 

POWER-ON RESET 2-15 

EXTERNAL RESET 2-16 

WATCHDOG RESET 2-17 

INTERRUPT HANDLING 2-17 

THE GENERAL INTERRUPT MASK REGISTER - GIMSK 2-17 

THE TIMER/COUNTER INTERRUPT MASK REGISTER - TIMSK 2-18 

THE TIMER/COUNTER INTERRUPT FLAG REGISTER - TIFR 2-18 

EXTERNAL INTERRUPTS 2-18 

INTERRUPT RESPONSE TIME 2-18 

THE MCU CONTROL REGISTER - MCUCR 2-19 

Sleep Modes 2-19 

IDLE MODE 2-20 

POWER DOWN MODE 2-20 

Timer / Counter 2-20 

The Timer/Counter Prescaler 2-20 

The 8-bit Timer/CounterO 2-21 

THE TIMER/COUNTERO CONTROL REGISTER - TCCR0 2-21 

THE TIMER COUNTER - TCNT0 2-22 

The Watchdog Timer 2-23 

THE WATCHDOG TIMER CONTROL REGISTER - WDTCR 2-23 

EEPROM Read/Write Access 2-24 

THE EEPROM ADDRESS REGISTER - EEAR 2-24 

THE EEPROM DATA REGISTER - EEDR 2-24 

THE EEPROM CONTROL REGISTER - EECR 2-24 



The Analog Comparator 2-25 

THE ANALOG COMPARATOR CONTROL AND STATUS REGISTER - ACSR 2-25 

l/O-Ports 2-26 

PortB 2-26 

THE PORTB DATA REGISTER - PORTB 2-26 

THE PORT B DATA DIRECTION REGISTER - DDRB 2-27 

THE PORT B INPUT PIN ADDRESS - PINB 2-27 

PORTB AS GENERAL DIGITAL I/O 2-27 

ALTERNATE FUNCTIONS OF PORTB 2-27 

PORT B SCHEMATICS 2-28 

PortD 2-31 

THE PORTD DATA REGISTER - PORTD 2-31 

THE PORT D DATA DIRECTION REGISTER - DDRD 2-31 

THE PORT D INPUT PINS ADDRESS - PIND 2-31 

PORTD AS GENERAL DIGITAL I/O 2-31 

ALTERNATE FUNCTIONS FOR PORTD 2-32 

PORTD SCHEMATICS 2-32 

Memory Programming .2-34 

Program Memory Lock Bits 2-34 

Fuse Bits 2-34 

Device Code 2-34 

Programming the Flash and EEPROM 2-34 

Parallel Programming 2-35 

SIGNAL NAMES 2-35 

ENTER PROGRAMMING MODE 2-36 

CHIP ERASE 2-36 

PROGRAMMING THE FLASH 2-36 

PROGRAMMING THE EEPROM 2-38 

READING THE FLASH 2-39 

READING THE EEPROM 2-39 

PROGRAMMING THE FUSE BITS 2-39 

PROGRAMMING THE LOCK BITS 2-39 

READING THE FUSE AND LOCK BITS 2-40 

READING THE SIGNATURE BYTES 2-40 

Serial Downloading 2-40 

SERIAL PROGRAMMING ALGORITHM 2-40 

Programming Characteristics 2-42 

Absolute Maximum Ratings 2-42 

DC Characteristics 2-43 

External Clock Drive Waveforms 2-44 

External Clock Drive 2-44 

Ordering Information 2-46 

AT90S1200 Register Summary 2-47 

AT90S1200 Instruction Set Summary 2-48 



AT90S1200 



Features 

• Utilizes the AVR® Enhanced RISC Architecture 

• AV/?- High Performance and Low Power RISC Architecture 

• 89 Powerful Instructions - Most Single Clock Cycle Execution 

• 1 K bytes of In-System Reprogrammable Downloadable Flash 

- SPI Serial Interface for Program Downloading 

- Endurance: 1,000 Write/Erase Cycles 

• 64 bytes EEPROM 

- Endurance: 100,000 Write/Erase Cycles 
32 x 8 General Purpose Working Registers 
15 Programmable I/O Lines 

V cc : 2.7 - 6.0V 

Fully Static Operation, 0-16 MHz 

Instruction Cycle Time: 62.5 ns @ 16 MHz 

One 8-Bit Timer/Counter with Separate Prescaler 

External and Internal Interrupt Sources 

Programmable Watchdog Timer with On-Chip Oscillator 

On-Chip Analog Comparator 

Low Power Idle and Power Down Modes 

Programming Lock for Software Security 

20-Pin Device 

Selectable On-Chip RC Oscillator for Zero External Components 



Description 

The AT90S1200 is a low-power CMOS 8-bit microcontroller based on the AVR® 
enhanced RISC architecture. By executing powerful instructions in a single clock 
cycle, the AT90S1200 achieves throughputs approaching 1 MIPS per MHz allowing 
the system designer to optimize power consumption versus processing speed. 
The AVR core combines a rich instruction set with the 32 general purpose working 
registers. All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), 
allowing two independent registers to be accessed in one single instruction executed 
in one clock cycle. The resulting architecture is more code efficient while achieving 
throughputs up to ten times faster than conventional CISC microcontrollers. 

(continued) 
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RESET C 
PD0 C 
PD1 C 
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XTAL1 C 
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GND C 




□ vcc 

□ PB7 (SCK) 
PB6 (MISO) 
PB5 (MOSI) 
PB4 
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PB2 

PB1 (AIN1) 
PB0 (AIN0) 
PD6 
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1 1. The AT90S1200 Block Diagram 



- RESET 



2-4 



AT90S1200 i i " 



Description (Continued) 

The architecture supports high level languages efficiently as well as extremely dense assembler code programs. The 
AT90S1200 provides the following features: 1K bytes of Downloadable Flash, 64 bytes EEPROM, 15 general purpose I/O 
lines, 32 general purpose working registers, internal and external interrupts, programmable Watchdog Timer with internal 
oscillator, an SPI serial port for program downloading and two software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the registers, timer/counter, watchdog and interrupt system to continue functioning. The 
power down mode saves the register contents but freezes the oscillator, disabling all other chip functions until the next 
external interrupt or hardware reset. 

The device is manufactured using Atmel's high density non-volatile memory technology. The on-chip Downloadable Flash 
allows the program memory to be reprogrammed in-system through an SPI serial interface or by a conventional nonvolatile 
memory programmer. By combining an enhanced RISC 8-bit CPU with Downloadable Flash on a monolithic chip, the Atmel 
AT90S1200 is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded con- 
trol applications. 

The AT90S1200 AVR \s supported with a full suite of program and system development tools including: macro assemblers, 
program debugger/simulators, in-circuit emulators, and evaluation kits. 



Pin Descriptions 

vcc 

Supply voltage pin. 
GND 

Ground pin. 



Port B (PB7..PB0) 

Port B is an 8-bit bi-directional I/O port. Port pins can provide internal pullups (selected for each bit). PBO and PB1 also 
serve as the positive input (AINO) and the negative input (AIN1), respectively, of the on-chip analog comparator. The Port B 
output buffers can sink 20mA and can drive LED displays directly. When pins PBO to PB7 are used as inputs and are exter- 
nally pulled low, they will source current (l IL ) if the internal pullups are activated. 

Port B also serves the functions of various special features of the AT90S1200 as listed on Page 2-27. 
Port D (PD6..PD0) 

Port D has seven bi-directional I/O pins with internal pullups, PD6..PD0. The Port D output buffers can sink 20 mA. As 
inputs, Port D pins that are externally pulled low will source current (IIL) if the pullups are activated. 
Port D also serves the functions of various special features of the AT90S1200 as listed on Page 2-31. 

RESET 

Reset input. A low on this pin for two machine cycles while the oscillator is running resets the device. 




XTAL1 



Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 



XTAL2 

Output from the inverting oscillator amplifier 



Crystal Oscillator 

XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be configured for use as an on- 
chip oscillator, as shown in Figure 2. Either a quartz crystal or a ceramic resonator may be used. To drive the device from 
an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 3. 




XTAL2 



GND 



Figure 2. Oscillator Connections 
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Figure 3. External Clock Drive Configuration 



On-Chip RC Oscillator 

An on-chip RC oscillator running at a fixed frequency of 1 MHz can be selected as the MCU clock source. If enabled, the 
AT90S1200 can operate with no external components. A control bit - RCEN in the Flash Memory selects the on-chip RC 
oscillator as the clock source when programmed ('0'). The AT90S1200 is normally shipped with this bit unprogrammed ('1'). 
Parts with this bit programmed can be ordered as AT90S1200A. The RCEN-bit can be changed by parallel programming 
only. When using the on-chip RC oscillator for serial program downloading, the RCEN bit must programmed in parallel pro- 
gramming mode first. 
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AT90S1200 AVR Enhanced RISC Microcontroller CPU 

The AT90S1200 AVR RISC microcontroller is upward compatible with the AVR Enhanced RISC Architecture. The pro- 
grams written for the AT90S1200 MCU are compatible with the range of AVR 8-bit MCUs (AT90Sxxxx) with respect to 
source code and clock cycles for execution. 

Architectural Overview 

The fast-access register file concept contains 32 x 8-bit general purpose working registers with a single clock cycle access 
time. This means that during one single clock cycle, one ALU (Arithmetic Logic Unit) operation is executed. Two operands 
are output from the register file, the operation is executed, and the result is stored back in the register file - in one clock 
cycle. 

AVR AT90S1200 Architecture 

^ Data Bus 8 -bit 




Figure 4. The AT90S1200 AVR Enhanced RISC Architecture 



The ALU supports arithmetic and logic functions between registers or between a constant and a register. Single register 
operations are also executed in the ALU. Figure 4 shows the AT90S1200 AVR Enhanced RISC microcontroller architec- 
ture. The AVR uses a Harvard architecture concept - with separate memories and buses for program and data memories. 
The program memory is accessed with a single level pipelining. While one instruction is being executed, the next instruc- 
tion is pre-fetched from the program memory. This concept enables instructions to be executed in every clock cycle. The 
program memory is in-system downloadable Flash memory. 

With the relative jump and relative call instructions, the whole 512 address space is directly accessed. All AVR instructions 
have a single 16-bit word format, meaning that every program memory address contains a single 16-bit instruction. 

During interrupts and subroutine calls, the return address program counter (PC) is stored on the stack. The stack is a 3 
level deep hardware stack dedicated for subroutines and interrupts. 

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, Timer/Counters, A/D- 
converters, and other I/O functions. The memory spaces in the AVR architecture are all linear and regular memory maps. 



A flexible interrupt module has its control registers in the I/O space with an additional global interrupt enable bit in the status 
register. All the different interrupts have a separate interrupt vector in the interrupt vector table at the beginning of the pro- 
gram memory. The different interrupts have priority in accordance with their interrupt vector position. The lower the interrupt 
address vector the higher priority. 

The General Purpose Register File 

Figure 5 shows the structure of the 32 general purpose registers in the CPU. 



General 
Purpose 
Working 
Registers 



RO 



R28 



R29 



R30 (Z-Register) 



R31 



s 5. AVR CPU General Purpose Working Registers 

All the register operating instructions in the instruction set have direct and single cycle access to all registers. The only 
exception is the five constant arithmetic and logic instructions SBCI, SUBI, CPI, ANDI, ORI between a constant and a reg- 
ister and the LDI instruction for load immediate constant data. These instructions apply to the second half of the registers in 
the register file - R16..R31 . The general SBC, SUB, CP, AND, OR and all other operations between two registers or on a 
single register apply to the entire register file. 

Register 30 also serves as an 8-bit pointer for indirect address of the register file. 
The ALU - Arithmetic Logic Unit 

The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a 
single clock cycle, ALU operations between registers in the register file are executed. The ALU operations are divided into 
three main categories - arithmetic, logic and bit-functions. Some microcontrollers in the AVR product family feature a hard- 
ware multiplier in the arithmetic part of the ALU. 

The Downloadable Flash Program Memory 

The AT90S1200 contains 1K bytes on-chip downloadable Flash memory for program storage. Since all instructions are sin- 
gle 16-bit words, the Flash is organized as 512 x 16 words. The Flash memory has an endurance of at least 1000 write/ 
erase cycles. 

The AT90S1200 Program Counter is 9-bit wide, thus addressing the 512 words Flash program memory. 
See Page 2-34 for a detailed description on Flash data downloading. 
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The Program and Data Addressing Modes 

The AT90S1200 AVR Enhanced RISC Microcontroller supports powerful and efficient addressing modes. This section 
describes the different addressing modes supported in the AT90S1200. In the figures, OP means the operation code part 
of the instruction word. To simplify, not all figures show the exact location of the addressing bits. 

REGISTER DIRECT, SINGLE REGISTER RD 



REGISTER FILE 



15 



OP 



Figure 6. Direct Single Reg 




The operand is contained in register d (Rd). 
REGISTER INDIRECT 




REGISTER FILE 



Z-Regisler 



Register Addressing 




The register accessed is the one pointed to by the Z-i 



REGISTER DIRECT, TWO REGISTERS RD AND RR 



REGISTER FILE 



5 4 




1 - 1 













Figure 8. Direct Register Addressing, Two Registers 

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d (Rd). 
I/O DIRECT 



8 



Figure 



9. I/O Direct Addressing 



Operand address is contained in 6 bits of the instruction word, n is the destination or source register address. 
RELATIVE PROGRAM ADDRESSING, RJMP AND RCALL 



1 pc r 








15 12 11 







1 OP 1 
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1 



PROGRAM MEMORY 



10. Relative Program Memory Addressing 



Program execution continues at address PC + k. The relative address k is in the range from -2K to +(2K - 1). 

Subroutine and Interrupt Hardware Stack 

The AT90S1200 uses a 3 level deep hardware stack for subroutines and interrupts. The hardware stack is 9 bit wide and 
stores the Program Counter - PC - return address while subroutines and interrupts are executed. 

RCALL instructions and interrupts push the PC return address onto stack level 0, and the data in the other stack levels 1-2 
are pushed one level deeper in the stack. When a RET or RETI instruction is executed the returning PC is fetched from the 
stack level 0, and the data in the other stack levels 1-2 are popped one level in the stack. 

If more than 3 subsequent subroutine calls or interrupts are executed, the first values written to the stack are overwritten. 
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The EEPROM Data Memory 

The AT90S1200 contains 64 bytes of data EEPROM memory. It is organized as a separate data space, in which single 
bytes can be read and written. The EEPROM has an endurance of at least 100,000 write/erase cycles. The access 
between the EEPROM and the CPU is described on Page 2-24 specifying the EEPROM address register, the EEPROM 
data register, and the EEPROM control register. For the SPI data downloading, see Page 2-40 for a detailed description. 

Instruction Execution Timing 

This section describes the general access timing concepts for instruction execution and internal memory access. 

The AVR CPU is driven by the System Clock 0, directly generated from the external clock crystal for the chip. No internal 

clock division is used. 

Figure 1 1 shows the parallel instruction fetches and instruction executions enabled by the Harvard architecture and the 
fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIPS per MHz with the corresponding 
unique results for functions per cost, functions per clocks, and functions per power-unit. 
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Figure 11. The Parallel Instruction Fetches and Instruction Executions 

Figure 12 shows the internal timing concept for the register file. In a single clock cycle an ALU operation using two register 
operands is executed, and the result is stored back to the destination register. 
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Figure 12. Single Cycle ALU Operation 
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I/O Memory 

The I/O space definition of the AT90S1200 is shown in the following table: 
Table 1. The AT90S1200 I/O Space 



Address Hex 


Name 


Function 


$3F 


SREG 


Status REGister 






$3B 


GIMSK 


General Interrupt MaSK register 


$39 


TIMSK 


Timer/Counter Interrupt MaSK register 


$38 


TIFR 


Timer/Counter Interrupt Flag register 


$35 


MCUCR 


MCU general Control Register 






$33 


TCCRO 


Timer/Counter Control Register 







$32 


TCNTO 


Timer/Counter (8-bit) 


$21 


WDTCR 


Watchdog Timer Control Register 


$1E 


EEAR 


EEPROM Address Register 


$1D 


EEDR 


EEPROM Data Register 


$1C 


EECR 


EEPROM Control Register 


$18 


PORTB 


Data Register, Port B 


$17 


DDRB 




Data Direction Register, Port B 


$16 


PINB 


Input Pins, Port B 


$12 


PORTD 


Data Register, Port D 


$11 


DDRD 


Data Direction Register, Port D 


$10 


PIND 


Input Pins, Port D 


$08 


ACSR 


Analog Comparator Control and Status Register 







Note: Reserved and unused locations are not shown in the table. 

All the different AT90S1200 l/Os and peripherals are placed in the I/O space. The different I/O locations are accessed by 
the IN and OUT instructions transferring data between the 32 general purpose working registers and the I/O space. I/O reg- 
isters within the address range $00 - $1F are directly bit-accessible using the SBI and CBI instructions. In these registers, 



the value of single bits can be checked by 
more details. 



I the SBIS and SBIC instructions. Refer to the instruction set chapter for 



The different I/O and peripherals control registers are explained in the following sections. 
THE STATUS REGISTER - SREG 

The AVfl status register - SREG - at I/O space location $3F is defined as: 

Bit 7 6 5 4 3 2 1 



$3F 
ReadAA/rite 
Initial value 



SREG 



RAV 





RAW 





RAV 




R/W 





RAV 





RAV 




RAW 





RAV 





Bit 7 - 1 : Global Interrupt Enable: 

The global interrupt enable bit must be set (one) for the interrupts to be enabled. The individual interrupt enable control is 
then performed in the interrupt mask registers - GIMSK/TIMSK. If the global interrupt enable register is cleared (zero), none 
of the interrupts are enabled, independent of the GIMSK/TIMSK values. The l-bit is cleared by hardware after an interrupt 
has occurred, and is set by the RETI instruction to enable subsequent interrupts. 



2-12 



AT90S1200 



AT90S1200 



Bit 6 ■ T : Bit Copy Storage: 

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T bit as source and destination for the operated bit. A 
bit from a register in the register file can be copied into T by the BST instruction, and a bit in T can be copied into a bit in a 
register in the register file by the BLD instruction. 

Bit5-H: Half Carry Flag: 

The half carry flag H indicates a half carry in some arithmetic operations. See the Instruction Set Description for detailed 
information. 

Bit 4 - S : Sign Bit. S = N®V : 

The S-bit is always an exclusive or between the negative flag N and the two's complement overflow flag V. See the Instruc- 
tion Set Description for detailed information. 

Bit 3 - V : Two's Complement Overflow Flag: 

The two's complement overflow flag V supports two's complement arithmetics. See the Instruction Set Description for 
detailed information. 

Bit 2 - N : Negative Flag: 

The negative flag N indicates a negative result after the different arithmetic and logic operations. See the Instruction Set 
Description for detailed information. 

Bit 1 - Z : Zero Flag: 

The zero flag Z indicates a zero result after the different arithmetic and logic operations. See the Instruction Set Description 
for detailed information. 




Bit - C : Carry Flag: 

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction Set Description for detailed infor- 
mation. 

Reset and Interrupt Handling 

The AT90S1200 provides 3 different interrupt sources. These interrupts and the separate reset vector, each have a sepa- 
rate program vector in the program memory space. All the interrupts are assigned individual enable bits which must be set 
(one) together with the l-bit in the status register in order to enable the interrupt. 

The lowest addresses in the program memory space are automatically defined as the Reset and Interrupt vectors. The 
complete list of vectors is shown in Table 2. The list also determines the priority levels of the different interrupts. The lower 
the address the higher is the priority level. RESET has the highest priority, and next is INTO - the External Interrupt Request 
etc. 

Table 2. Reset and Interrupt Vectors 



Vector No. 


Program Address 


Source 


Interrupt Definition 


1 


$000 


RESET 


Hardware Pin and Watchdog Reset 


2 


$001 


INTO 


External Interrupt Request 


4 


$002 


TIMER0, OVF0 


Timer/CounterO Overflow 


5 


$003 


ANA_COMP 


Analog Comparator 




The most typical and general program setup for the Reset and Interrupt Vector Addresses are: 

Address Labels Code 



$000 
$001 
$002 
$003 



Comments 

rjmp RESET ; Reset handle 

rjmp EXT_INT0 j IRQ0 handle 

rjmp TIM0_OVF ; TimerO overflow handle 

rjmp ANA_COMP ; Analog Comparator Handle 



$004 



<instr> xxx 



; Main program start 



RESET SOURCES 

The AT90S1200 has three sources of reset: 

• Power-On Reset. The MCU is reset when a supply voltage is applied to the V cc and GND pins. 

• External Reset. The MCU is reset when a low level is present on the RESET pin for more than two XTAL cycles 

• Watchdog Reset. The MCU is reset when the Watchdog timer period expires and the Watchdog is enabled. 

During reset, all I/O registers are then set to their initial values, and the program starts execution from address $000. The 
instruction placed in address $000 must be an RJMP - relative jump - instruction to the reset handling routine. If the pro- 
gram never enables an interrupt source, the interrupt vectors are not used, and regular program code can be placed at 
these locations. The circuit diagram in Figure 13 shows the reset logic. Table 3 defines the timing and electrical parameters 
of the reset circuitry. Note that Power On Reset timing is clocked by the internal RC oscillator. Refer to characterization dat- 
data for RC oscillator frequency at other V cc voltages. 



VCC 








[^J 100-500K 


RESET 







Power-On Reset 


P5R 


Circuit 






Reset Circuit 








Watchdog 
Timer 







On-Chip 
RC-Oscillator 



14-Staoe Ripple Counter 



■ INTERNAL RESET 



Figure 13. Reset Logic 



Table 3. Reset Characteristics (V cc = 5.0V) 



Symbol 


Parameter 


Mb) 


Typ 


Max 


Units 


VPOT 


Power-On Reset Threshold Voltage 


1.8 


2 


2.2 


V 


Vrst 


Pin Threshold Voltage 




Vcc« 




V 


'POR 


Power-On Reset Period 


2 


3 


4 


ms 


'tout 


Reset Delay Time-Out Period 

1 


11 




16 


21 


ms 
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POWER-ON RESET 

A Power-On Reset (POR) circuit ensures that the device is not started until V cc has reached a safe level. As shown in Fig- 
ure 13, an internal timer clocked from the Watchdog timer oscillator prevents the MCU from starting until after a certain 
period after V cc has reached the Power-On Threshold voltage - V P0T , regardless of the V cc rise time (see Figure 14 and 
Figure 15). The total reset period is the Power-On Reset period - t P0R + the Delay Time-out period - t T0UT . 



vcc 



por A \ 







' VoUT" 



INTERNAL 
RESET 



1 



Figure 14. MCU Start-Up, 



to V cc or Unconnected. Rapidly Rising V c 




INTERNAL 
RESET 



Figure 15. MCU Start-Up, RESET Tied to V cc or Unconnected. Slowly Rising V, 



As the RESET pin is pulled high by an on-chip resistor, the pin can be left unconnected if no external reset is required. Con- 
necting RESET to V cc will have the same effect. By holding the RESET pin low for a period after V cc has been applied, the 
Power-On Reset period can be extended. Refer to Figure 16 for a tinning example on this. 



vcc 



RESET 



POR 




"tpoR 



TIME-OUT 



j 



INTERNAL 



Figure 16. MCU Start-Up, RESET Controlled Externally 



EXTERNAL RESET 

An external reset is generated by a low level on the pin. The pin must be held low for at least two crystal clock cycles. 
When reaches the Reset Threshold Voltage - V RST on its positive edge, the delay timer starts the MCU after the Time-out 
period t T0UT has expired. 

vcc 



RESET 



INTERNAL 
RESET 



Figure 17. External Reset During Operation 
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WATCHDOG RESET 

When the Watchdog times out, it will generate a short reset pulse of 1 XTAL cycle duration. On the falling edge of this 
pulse, the delay timer starts counting the Time-out period t T0UT . Refer to Page 2-23 for details on operation of the Watch- 
dog. 

vcc 

RESET 

WDT 
TIME-OUT 



* 'tout ►] 



Figure 18. Watchdog Reset During Operation 
INTERRUPT HANDLING 

The AT90S1200 has two Interrupt Mask control registers GIMSK - General Interrupt MASK register - at I/O space address 
$3B and the TIMSK - Timer/Counter Interrupt MaSK register at I/O address $39. 

When an interrupt occurs, the Global Interrupt Enable l-bit is cleared (zero) and all interrupts are disabled. The user soft- 
ware can set (one) the l-bit to enable interrupts. The l-bit is set (one) when a Return from Interrupt instruction - RETI - is 

executed. 

When the Program Counter is vectored to the actual interrupt vector in order to execute the interrupt handling routine, hard- 
ware clears the corresponding flag that generated the interrupt. Some of the interrupt flags can also be cleared by writing a 
logic one to the flag bit position(s) to be cleared. 

THE GENERAL INTERRUPT MASK REGISTER - GIMSK 

o 

GIMSK 

R 





»| 'ft 1 XTAL Cycle 

_J 



RESET 
TIME-OUT 

INTERNAL 
RESET 



Bil 
$3B 



Read/Write R R/W R R R R R 

Initial value 



Bit 7 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S1200 and always read zero. 
Bit 6 - INTO : External Interrupt Request Enable: 

When the INTO bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense ControlO bit 1/0 (ISC01 and ISC00) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INTO pin or level sensed. INTO can activated even if the pin 
is configured as an output. See also Page 2-18. 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read as zero. 



THE TIMER/COUNTER INTERRUPT MASK REGISTER - TIMSK 



Bit 7 6 5 4 3 2 1 

$39 - - - - - | TOIE0 | 

Read/Write R RRRR RR/WR 

Initial value 00000000 



Bits 7-2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 
Bit 1 - TOIE0 : Timer/CounterO Overflow Interrupt Enable: 

When the TOIE0 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounterO Overflow interrupt is 
enabled. The corresponding interrupt (at vector $002) is executed if an overflow in Timer/CounterO occurs. The Overflow 
Flag (TimerO) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit - Res: Reserved bit: 

This bits is a reserved bit in the AT90S1200 and always reads zero. 
THE TIMER/COUNTER INTERRUPT FLAG REGISTER - TIFR 



Bit 
$38 



Read/Write RR RRRR R/W R 

Initial value 00000 



Bits 7..2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 
Bit 1 - TOVO : Timer/CounterO Overflow Flag: 

The bit TOVO is set (one) when an overflow occurs in Timer/CounterO. TOVO is cleared by hardware when executing the 
corresponding interrupt handling vector. Alternatively, TOVO is cleared by writing a logic one to the flag. When the SREG I- 
bit, and TOIE0 (Timer/CounterO Overflow Interrupt Enable), and TOVO are set (one), the Timer/CounterO Overflow interrupt 
is executed. 

Bit - Res: Reserved bit: 

This bits is a reserved bit in the AT90S1200 and always reads zero. 
EXTERNAL INTERRUPTS 

The external interrupt is triggered by the INTO pin. The interrupt can trigger on rising edge, falling edge or level. This is set 
up as described in the specification for the MCU control register - MCUCR. When INTO is level triggered, the interrupt is 
pending as long as INTO is held low. 

The interrupt is triggered even if INTO is configured as an output. This provides a way to generate a software interrupt. 
The interrupt flag can not be directly accessed by the user. If an external edge triggered interrupt is suspected to be pend- 
ing, the flag can be cleared as follows. 

1. Disable the external interrupt by clearing the INTO flag in GIMSK. 

2. Select level triggered interrupt. 

3. Select desired interrupt edge. 

4. Re-enable the external interrupt by setting INTO in GIMSK. 
INTERRUPT RESPONSE TIME 

The interrupt execution response for all the enabled AVR interrupts is 4 clock cycles minimum. After the 4 clock cycles the 
program vector address for the actual interrupt handling routine is executed. During this 4 clock cycle period, the Program 
Counter (9 bits) is pushed onto the Stack. The vector is a relative jump to the interrupt routine, and this jump takes 2 clock 
cycles. If an interrupt occurs during execution of a multi-cycle instruction, this instruction is completed before the interrupt is 
served. 
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A return from an interrupt handling routine takes 4 clock cycles. During these 4 clock cycles, the Program Counter (9 bits) 
is popped back from the Stack. When AVR exits from an interrupt, it will always return to the main program and execute 
one more instruction before any pending interrupt is served. 

Note that the Status Register - SREG - is not handled by the AVf? hardware, neither for interrupts nor for subroutines. For 
the routines requiring a storage of the SREG, this must be performed by user software. 

Note that the Subroutine and Interrupt Stack is a 3-level true hardware stack, and if more than 3 nested subroutines and 
interrupts are executed, only the most recent 3 return addresses are stored. 

THE MCU CONTROL REGISTER - MCUCR 

The MCU Control Register contains general microcontroller control bits for general MCU control functions. 

Bit 7 6 5 4 3 2 1 

$35 - SE | SM - | ISC01 | ISCOO | MCUCR 

Read/Write R R R/W R/W R R R/W R/W 

Initial value 00000000 

Bits 7. 6 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 
Bit 5 - SE : Sleep Enable: 

The SE bit must be set (one) to make the MCU enter the sleep mode when the SLEEP instruction is executed. To avoid the 
MCU entering the sleep mode unless it is the programmers purpose, it is recommended to set the Sleep Enable SE bit just 
before the execution of the SLEEP instruction. 

Bit 4 ■ SM : Sleep Mode: 

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle Mode is selected as Sleep Mode. 
When SM is set (one), Power Down mode is selected as sleep mode. For details, refer to the paragraph "Sleep Modes" 
below. 

Bits 3, 2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 
Bits 1 . - ISC01 . ISCOO : Interrupt Sense Control bit 1 and bit 0: 

The External Interrupt is activated by the external pin INTO if the SREG l-flag and the corresponding interrupt mask in the 
GIMSK register is set. The level and edges on the external INTO pin that activate the interrupt are defined as: 

Table 4. Interrupt Sense Control 



ISC01 


ISCOO 


Description 








The low level of INTO generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INTO generates an interrupt request. 


1 


1 


The rising edge of INTO generates an interrupt request. 



Note: When changing the ISC10/ISCOO bits, INTO must be disabled by clearing its Interrupt Enable bit in the GIMSK 
Register. Otherwise an interrupt can occur when the bits are changed. 

Sleep Modes 

To enter the sleep modes, the SE bit in MCUCR must be set (one) and a SLEEP instruction must be executed. If an 
enabled interrupt occurs while the MCU is in a sleep mode, the MCU awakes, executes the interrupt routine, and resumes 
execution from the instruction following SLEEP. The contents of the register file and the I/O memory are unaltered. If a 
reset occurs during sleep mode, the MCU wakes up and executes from the Reset vector. 

Note that if a level triggered interrupt is used for wake-up from power down, the low level must be held for a time longer 
than the oscillator start-up time of 16 ms. Otherwise, the interrupt flag may return to zero before the MCU starts executing. 



IDLE MODE 



When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle Mode stopping the CPU but allowing 
Timer/Counters, Watchdog and the interrupt system to continue operating. This enables the MCU to wake up from external 
triggered interrupts as well as internal ones like Timer Overflow interrupt and watchdog reset. If wakeup from the Analog 
Comparator interrupt is not required, the analog comparator can be powered down by setting the ACD-bit in the Analog 
Comparator Control and Status register - ACSR. This will reduce power consumption during Idle Mode. 

POWER DOWN MODE 

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power Down Mode. In this mode, the external 
oscillator is stopped. The user can select whether the watchdog shall be enabled during power-down mode. If the watch- 
dog is enabled, it will wake up the MCU when the Watchdog Time-out period expires. If the watchdog is disabled, only an 
external reset or an external level triggered interrupt can wake up the MCU. 



The AT90S1200 provides one general purpose 8-bit Timer/Counter. The Timer/Counter gets the prescaled clock from the 
10-bit prescaling timer. The Timer/Counter can either be used as a timer with an internal clock timebase or as a counter 
with an external pin connection which triggers the counting. 

The Timer/Counter Prescaler 

Figure 19 shows the general Timer/Counter prescaler. 



Timer / Counter 



CK 



1 0-BIT T/C PRESCALER 



CSOO 
CS01 
CS02 




TIMER/COUNTERO CLOCK SOURCE 



Figure 19. Timer/CounterO Prescaler 




The four different prescaled selections are: CK/8, CK/64, CK/256 and CK/1024 where CK is the oscillator clock. For the 
Timer/Counter, added selections as CK, external source and stop, can be selected as clock sources. 
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The 8-bit Timer/CounterO 

Figure 20 shows the block diagram forTimer/CounterO. 





Figure 20. Timer/Counter Block Diagram 



The 8-bit Timer/CounterO can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/CounterO Control Register - TCCRO. The overflow status flag is found in the 
Timer/Counter Interrupt Flag Register - TIFR. Control signals are found in the Timer/CounterO Control Register - TCCRO. 
The interrupt enable/disable settings forTimer/CounterO are found in the Timer/Counter Interrupt Mask Register - TIMSK. 
When Timer/CounterO is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 
The 8-bit Timer/CounterO features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities make the Timer/CounterO useful for lower speed functions or exact timing 
functions with infrequent actions. 

THE TIMER/COUNTERO CONTROL REGISTER - TCCRO 



Bit 

$33 
Read/Write 
Initial value 



R/W 



R/W 



R/W 



Bits 7„3 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 



Bits 2.1.0 ■ CS02. CS01. CSOO : Clock SelectO. bit 2.1 and 0: 



The Clock SelectO bits 2,1 and define the prescaling source of TimerO. 



Table 5. Clock Prescale Select 



CS02 


csoi 


csoo 


Description 











Stop, the Timer/CounterO is stopped. 








1 


CK 





1 





CK/8 





1 


1 


CK/64 


1 








CK/256 


1 





1 


CK/1024 


1 


1 





External Pin TO, falling edge 


1 


1 


1 


External Pin TO, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual data direction 
control register (cleared to zero gives an input pin). 



Bits 5..3 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and always read zero. 
THE TIMER COUNTER - TCNTO 



Bit 

$32 £ 

Read/Write 
Initial value 



R/W 




R/W 




R/W 




R/W 




R/W 




R/W 




R/W 




R/W 




The Timer/CounterO is realized as an up-counter with read and write access. If the Timer/CounterO is written and a clock 
source is present, the Timer/CounterO continues counting in the timer clock cycle following the write operation. 
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The Watchdog Timer 

The Watchdog Timer is clocked from a separate on-chip oscillator which runs at 1MHz. By controlling the Watchdog Timer 
prescaler, the Watchdog reset interval can be adjusted from 16 to 2048 cycles. Refer to RC Oscillator Frequency graph on 
page 2-46. These values apply at V cc = 5V. See characterization data for RC oscillator frequency at other V cc voltages. 
The WDR - Watchdog Reset - instruction resets the Watchdog Timer. Eight different clock cycle periods can be selected to 
determine the maximum period between two WDR instructions to avoid that the Watchdog Timer resets the MCU. If the 
reset period expires without another WDR instruction, the AT90S1200 resets and executes from the reset vector. For tim- 
ing details on the Watchdog reset, refer to Page 2-17. 
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Figure 21. Watchdog Timer 
THE WATCHDOG TIMER CONTROL REGISTER - WDTCR 

7 6 5 4 3 2 



Bil 
$21 
Read/Write 
Initial value 



WDE | WDP2 | WDP1 | WDPO "| WDTCR 



R/W 



R/W R/W 







Bits 7. .4 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and will always read as zero. 



Bit 3 - WDE : Watchdog Enable: 

When the WDE is set (one) the Watchdog " 
is disabled. 



I the Watchdog Timer function 



Bits 2..0 - WDP2..0 : Watchdog Timer Prescaler 2.1 and 0: 

The WDP2..0 determine the Watchdog Timer prescaling when the Watchdog Timer is enabled. The different prescaling 
values and their corresponding Timeout Periods are shown in Table 6. 

Table 6. Watchdog Timer Prescale Select (Typical Values at V cc = 5.0V) 



WDP2 


WDP1 


WDPO 


Timeout Period 











16 cycles 








1 


32 cycles 





1 





64 cycles 





1 


1 


128 cycles 


1 








256 cycles 


1 





1 


512 cycles 


1 


1 





1024 cycles 


1 


1 


1 


2048 cycles 



EEPROM Read/Write Access 

The EEPROM access registers are accessible in the I/O space. 

The write access time is in the range of 2.5 - 4ms, depending on the V cc voltages. A self-timing function, however, lets the 
user software detect when the next byte can be written. An EEPROM brown-out detection prevents writing to the EEPROM 
if V cc is below a certain level. 

When the EEPROM is read or written, the CPU is halted for two clock cycles before the next instruction is executed. 
THE EEPROM ADDRESS REGISTER - EEAR 



Bit 
$1E 



Read/Write R RR/WR/WR/WR/WR/WR/W 

Initial value 00000000 

Bit 7,6 - Res : Reserved bits: 

These bits are reserved bit in the AT90S1200 and will always read as zero. 
Bits 5..0 - EEAR..0 : EEPROM Address: 

The EEPROM Address Register - EEAR5..0 - specifies the EEPROM address in the 64-byte EEPROM space. The 
EEPROM data bytes are addressed linearly between and 63. 

THE EEPROM DATA REGISTER - EEDR 



Bit 


7 


6 


5 


4 


3 


2 


1 






MO 


MSB 












LSB 


I 


EEDR 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W R/W 






Initial value 




























Bits 7..0 - EEDR7..0 : EEPROM Data: 

For the EEPROM write operation, the EEDR register contains the data to be written to the EEPROM in the address given 
by the EEAR register. For the EEPROM read operation, the EEDR contains the data read out from the EEPROM at the 
address given by EEAR. 

THE EEPROM CONTROL REGISTER - EECR 

Bit 7 6 5 4 3 2 1 

S,C I - I - I - I • I - I - I EEWE | EERE j EECR 

Read/Write R R R R R R R/W R/W 

Initial value 00000000 

Bits 7-2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S1200 and will always be read as zero. 
Bit 1 - EEWE : EEPROM Write Enable: 

The EEPROM Write Enable Signal EEWE is the write strobe to the EEPROM. When address and data are correctly set up, 
the EEWE bit must be set to write the value into the EEPROM. When the write access time (typically 2.5ms at Vcc=5V and 
4ms at V cc = 2.7V) has elapsed, the EEWE bit is cleared (zero) by hardware. The user software can poll this bit and wait 
for a zero before writing the next byte. When EEWE has been set, the CPU is halted for two cycles before the next instruc- 
tion is executed. 

Bit - EERE : EEPROM Read Enable: 

The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address is set up in the 
EEAR register, the EERE bit must be set. When the EERE bit is cleared (zero) by hardware, requested data is found in the 
EEDR register. The EEPROM read access takes one instruction and there is no need to poll the EERE bit. When EERE 
has been set, the CPU is halted for two cycles before the next instruction is executed. 
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The Analog Comparator 

The analog comparator compares the input values on the positive pin PBO (AINO) and the negative pin PB1 (AIN1). When 
the voltage on the positive pin PBO (AINO) is higher than the voltage on the negative pin PB1 (AIN1), the Analog Compara- 
tor Output, ACO is set (one). The comparator's output can be set to trigger the Analog Comparator interrupt. The user can 
select Interrupt triggering on comparator output rise, fall or toggle. A block diagram of the comparator and its surrounding 
logic is shown in Figure 22. 

vcc 




ACIS1 ACISO 

► ACO 



Figure 22. Analog Comparator Block Diagram 



THE ANALOG COMPARATOR CONTROL AND STATUS REGISTER - ACSR 

Bit 7 6 5 4 3 2 1 

$08 ACD - ACO ACI | ACIE | - | ACIS1 | ACISO "| ACSR 

Read/Write RAM R R R/W R/W R R/W RAV 

Initial value 00000000 

Bit 7 - ACD : Analog Comparator Disable 

When this bit is set(one), the power to the analog comparator is switched off. This bit can be set at any time to turn off the 
analog comparator. It is most commonly used if power consumption during Idle Mode is critical, and wake-up from the ana- 
log comparator is not required. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing 
the ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed. 

Bit 6 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S1200 and will always read as zero. 

Bit 5 - ACO : Analog Comparator Output: 

ACO is directly connected to the comparator output. 

Bit 4 - ACI : Analog Comparator Interrupt Flag: 

This bit is set (one) when a comparator output event triggers the interrupt mode defined by ACIS1 and ACISO. The Analog 
Comparator Interrupt routine is executed if the ACIE bit is set (one) and the l-bit in SREG is set (one). ACI is cleared by 
hardware when executing the corresponding interrupt handling vector. Alternatively, ACI is cleared by writing a logic one to 

Bit 3 - ACIE : Analog Comparator Interrupt Enable: 

When the ACIE bit is set (one) and the l-bit in the Status Register is set (one), the analog comparator interrupt is activated. 
When cleared (zero), the interrupt is disabled. 



Bit 2 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S1200 and will always read as zero. 



Bits 1.0 - ACIS1. ACISO : Analog Comparator Interr u pt Mode Select: 

These bits determine which comparator events that trigger the Analog Comparator interrupt. The different settings are 
shown in Table 7. 

Table 7. ACIS1/ACIS0 Settings 



ACIS1 


ACISO 


Interrupt Mode 








Comparator Interrupt on Output Toggle 





1 


Reserved 


1 





Comparator Interrupt on Falling Output Edge 


1 


1 


Comparator Interrupt on Rising Output Edge 



Note: When changing the ACIS1 /ACISO bits, the Analog Comparator Interrupt must be disabled by clearing its Interrupt 
Enable bit in the ACSR register. Otherwise an interrupt can occur when the bits are changed. 

I/O-Ports 
PortB 

Port B is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port B, one each for the Data Register - PORTB ($18), Data 
Direction Register - DDRB ($17) and the Port B Input Pins - PINB ($16). The Port B Input Pins address is read only, while 
the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The Port B output buffers can sink 20mA and thus drive LED displays 
directly. When pins PBO to PB7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 

The Port B pins with alternate functions are shown in the following table: 
Table 8. Port B Pins Alternate Functions 



Port Pin 


Alternate Functions 


PBO 


AINO (Analog comparator positive input) 


PB1 


AIN1 (Analog comparator negative input) 


PB5 


MOSI (Data input line for memory downloading) 


PB6 


MISO (Data output line for memory uploading) 


PB7 


SCK (Serial clock input) 



When the pins are used for the alternate function, the DDRB and PORTB register has to be set according to the alternate 
function description. 

THE PORTB DATA REGISTER - PORTB 



Bit 


7 


6 


5 


4 


3 


2 


1 





$18 


| PORTB7 


PORTB6 


PORTB5 


PORTB4 


PORTB3 


P0RTB2 


PORTB1 


PORTBO | 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 
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THE PORT B DATA DIRECTION REGISTER - DDRB 



Bit 


7 


6 


5 


4 


3 


2 


1 







$17 


DDB7 


DDB6 


DDB5 


DDB4 


DOB3 


DDB2 


DDB1 


DDBO 


DDRB 


Read/Write 


R/W 


raw 


RAW 


R/W 


R W 


R/W 


R/W 


R/W 




Initial value 





























THE PORT B INPUT PIN ADDRESS - PINB 



Bit 


7 


6 


5 


4 


3 


2 


1 





$16 


PINB7 


PINB6 


PINB5 


PINB4 


PIN83 


PINB2 


PINB1 


PINBO 


Read/Write 


R 


R 


R 


R 


R 


R 


R 


R 


Initial value 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 



The Port B Input Pins address - PINB - is not a register, and this address enables access to the physical value on each Port 
B pin. When reading PORTB, the PORTB Data Latch is read, and when reading PINB, the logical values present on the 
pins are read. 

PORTB AS GENERAL DIGITAL I/O 

All 8 bits in port B are equal when used as digital I/O pins. 

PBn, General I/O pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con- 
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBn is set (one) and the pin is 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, PORTBn has to be 
cleared (zero) or the pin has to be configured as an output pin. 



Table 9. DDBn Effect on PORTB Pins 



DDBn 


PORTBn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PBn will source current (l, L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTB 

The alternate pin functions of Port B are: 



SCK - PORTB. Bit 7: 

SCK, Clock input pin for Memory up/downloading. 
MISO - PORTB. Bit 6: 

MISO, Data output pin for Memory uploading. 
MOSI • PORTB. Bit 5: 

MOSI, Data input pin for Memory downloading. 
AIN1 - PORTB, Bit 1: 

AIN1, Analog Comparator Negative Input. When configured as an input (DDB1 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB1 is cleared (zero)), this pin also serves as the negative input of the on-chip analog compar- 
ator. 

AINO - PORTB. Bit 0: 

AINO, Analog Comparator Positive Input. When configured as an input (DDBO is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PBO is cleared (zero)), this pin also serves as the positive input of the on-chip analog compar- 
ator. 



PORT B SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 



MOS 
PULL- 
UP 



WP. WRITE PORTB 

WD: WRITE DDR8 

RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RD: READ DDRB 

n: 0.1 



RESET 
_l_ 



TO COMPARATOR 



Figure 23. PORTB Schematic I 



am (pins PBO and PB1) 
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WP: WRITE PORTB 
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RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RD: 
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Figure 24. PORTB Schematic Diagram (Pins PB2, PB3 and PB4) 
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WRITE PORTB 
WRITE DDRB 
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READ PORTB PIN 
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Figure 25. 



PORTB Schematic Diagram, Pin PB5 
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READ PORTB LATCH 
READ PORTB PIN 
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SPiEN: SP1 ENABLE 



Figure 26. PORTB Schematic Diagram, Pin PB6 
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Figure 27. PORTB Schematic Diagram, Pin PB7 
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Port D 

Three data memory address locations are allocated for the Port D, one each for the Data Register - PORTD ($12), Data 
Direction Register - DDRD ($11) and the Port D Input Pins - PIND ($10). The Port D Input Pins address is read only, while 
the Data Register and the Data Direction Register are read/write. 

Port D has seven bi-directional I/O pins with internal pullups, PD6..PD0. The Port D output buffers can sink 20 mA. As 
inputs, Port D pins that are externally pulled low will source current (l, L ) if the pullups are activated. 
Some Port D pins have alternate functions as shown in the following table: 
Table 1 0. Port D Pins Alternate Functions 



Port Pin 


Alternate Function 


PD2 


INTO (External interrupt input) 


PD4 


TO (Timer/Counter external input) 




THE PORTD DATA REGISTER - PORTD 



Bit 




7 


6 


5 


4 


3 


2 


1 







$12 


I 




| PORTD6 | P0RTD5 


PORTD4 


PORTD3 


| PORTD2 


PORTD1 


PORTD0 


I 


Read/Write 




R 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 






























THE PORT 


D DATA DIRECTION REGISTER - 


DDRD 












Bit 




7 


6 


5 


4 


3 


2 


1 







$11 


I 




DDD6 


DDD5 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO 


I 


Read/Write 




R 


R/W 


WW 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 






























THE PORT 


D INPUT PINS ADDRESS 


- PIND 














Bit 




7 


6 


5 


4 


3 


2 


1 







$10 


I 




PIND6 


PIND5 


PIND4 


PIND3 


PIND2 


PIND1 


PINDO 


I 


Read/Write 




R 


R 


R 


R 


R 


R 


R 


R 




Initial value 







Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 





PORTD 



PIND 



The Port D Input Pins address - PIND - is not a register, and this address enables access to the physical value on each 
Port D pin. When reading PORTD, the PORTD Data Latch is read, and when reading PIND, the logical values present on 
the pins are read. 

PORTD AS GENERAL DIGITAL I/O 

PDn, General I/O pin: The DDDn bit in the DDRD register selects the direction of this pin. If DDDn is set (one), PDn is con- 
figured as an output pin. If DDDn is cleared (zero), PDn is configured as an input pin. If PORTDn is set (one) when DDDn 
is configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTDn bit has to 
be cleared (zero) or the pin has to be configured as an < 

Table 1 1 . DDDn Bits Effect on Port D Pins 



DDDn 


PORTDn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PDn will source current (l ]L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 6...0, pin number. 



ALTERNATE FUNCTIONS FOR PORTD 

The alternate functions of Port D are: 

TO - PORTD, Bit 4: 

TO, Timer/CounterO clock source. See the Timer description for further details. 



INTO - PORTD. Bit 2: 

INTO, External Interrupt source 0. See the interrupt description for further details. 
PORTD SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 
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Figure 28. PORTD Schematic Diagram (Pins PDO, PD1, PD3, PD5 and PD6) 
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Figure 29. PORTD Schematic Diagram (Pin PD2) 
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Figure 30. PORTD Schematic Diagram (Pin PD4) 




Memory Programming 



Program Memory Lock Bits 

The AT90S1200 MCU provides two lock bits which can be left unprogrammed ('1') or can be programmed ('0') to obtain the 
additional features listed in Table 12. 

Table 12. Lock Bit Protection Modes 



Program Lock Bits 




Protection Type 


Mode 


LB1 


LB2 




1 


1 


1 


No program lock features 


2 





1 


Further programming of the Flash is disabled 









Same as mode 2, but verify is also disabled. 


3 






Note: The Lock Bits can only be erased with the Chip Erase operation. 
Fuse Bits 

The Fuse bits in the AT90S1200 are RCEN and SPIEN. 

When RCEN is programmed ('0'), MCU clocking from the internal RC oscillator is selected. Default value is erased ('1'). 
Order AT90S1200A to get parts with this bit programmed. 

When SPIEN is programmed ('0'), Serial Programming Mode is enabled. Default value is programmed ('0'). 
These bits are not accessible in Serial Programming Mode and are not changed by a chip erase. 

Device Code 

All Atmel microcontrollers have a three-byte signature code which identifies the device. This code can be read in both serial 
and parallel mode. The three bytes reside in a separate address space, and for the AT90S1200 they are: 

1. $000: $1E (indicates manufactured by Atmel) 

2. $001: $90 (indicates 1 kB Flash memory) 

3. $002: $01 (indicates 90S1200 device when $001 is $90) 

Programming the Flash and EEPROM 

Atmel's AT90S1200 offers 1K bytes of in-system reprogrammable Flash Program memory and 64 bytes of EEPROM Data 
memory. 

The AT90S1200 is normally shipped with the on-chip Flash Program memory and EEPROM Data memory arrays in the 
erased state (i.e. contents = $FF) and ready to be programmed. This device supports a High-Voltage (12V) Parallel pro- 
gramming mode and a Low-Voltage Serial programming mode. The +12V is used for programming enable only, and no 
current of significance is drawn by this pin. The serial programming mode provides a convenient way to download the Pro- 
gram and Data into the AT90S1200 inside the user's system. 

The Program and Data memory arrays on the AT90S1200 are programmed byte-by-byte in either programming modes. 
For the EEPROM, an auto-erase cycle is provided in the serial programming mode. 
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Parallel Programming 

This section describes how to parallel program and verify Flash Program memory, EEPROM Data memory + Program 
Memory Lock bits and Fuse bits in the AT90S 
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Figure 31. Parallel Programming 

SIGNAL NAMES 

In this section, some pins of the AT90S1 200 are referenced by signal names describing their functionality during parallel 
programming rather than their pin names. Pins not described in the following table are referenced by pin names. 

Table 13. Pin Name Mapping 



Signal Name in 
Programming Mode 


Pin Name 


I/O 


Function 


RDY/BSY 


PD1 





0: Device is busy programming, 1: Device is ready for new command 

■ 


UE 


PD2 




Output Enable (Active Low) 


WR 


PD3 




Write Pulse (Active Low) 


BS 


PD4 




Byte Select 


XAO 


PD5 




XTAL Action Bit 


XA1 


PD6 




XTAL Action Bit 1 



The XA1/XA0 bits determine the action taken when the XTAL1 pin is given a positive pulse. The bit settings are shown in 
the following table: 

Table 14. XA1 and XAO Coding 



XA1 


XAO 


Action when XTAL1 is Pulsed 








Load Flash or EEPROM Address (High or Low address byte for Flash determined by BS) 





1 


Load Data (High or Low data byte for Flash determined by BS) 


1 





Load Command 


1 


1 


No Action, Idle 
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When pulsing WR or 0~E, the command loaded determines the action on input or output. The command is a byte where the 
different bits are assigned functions as shown in the following table: 

Table 15. Command Byte Bit Coding 



Bit# 


Meaning when Set 


7 


Chip Erase 


6 


Write Fuse Bits. Located in the data byte at the following bit positions: 
D5: SPI Fuse, DO: RCEN Fuse (Note: write '0' to program, '1' to erase) 


5 


Write Lock Bits. Located in the data byte at the following bit positions: 
D2: LB2, D1: LB1 (Note: write '0' to program) 


4 


Write Flash or EEPROM (determined by bit 0) 


3 


Read signature row 


2 


Read Lock and Fuse Bits. Located in the data byte at the following bits positions: 
D7:LB1, D6:LB2, DS: SPI Fuse, DO: RCEN Fuse 


1 


Read from Flash or EEPROM (determined by bit 0) 





0: Flash Access, 1 : EEPROM Access 



ENTER PROGRAMMING MODE 

The following algorithm puts the device in parallel programming mode: 

1 . Apply 4.5 - 5.5V between VCC and GND. 

2. Set the RESET and BS pin to '0' and wait at least 100 ns. 

3. Apply 12V to RESET and wait at least 100ns before changing BS. 
CHIP ERASE 

The chip erase will erase the Flash and EEPROM memories plus Lock bits. The lock bits are not reset until the program 
memory has been completely erased. The Fuse bits are not changed. IA chip erase must be performed before the chip is 
programmed. 

Load Command "Chip Erase" 

1. Set XA1, XAO to '10'. This enables command loading. 

2. Set BS to '0'. 

3. Set PB(7:0) to '1000 0000'. This is the command for Chip erase. 

4. Give XTAL1 a positive pulse. This loads the command, and starts the erase of the Flash and EEPROM arrays. After 
pulsing XTAL1, give WR a negative pulse to enable lock bit erase at the end of the erase cycle. Then wait at least 10 
ms for the chip erase cycle to finish. Chip erase does not generate any activity on the RDY/BSY signal. 

PROGRAMMING THE FLASH 

Load Command "Program Flash" 

1. Set XA1, XAO to '10'. This enables command loading. 

2. Set BS to '0' 

3. Set PB(7:0) to '0001 0000'. This is the command for Flash programming. 

4. Give XTAL1 a positive pulse. This loads the command. 
Load Address Low byte 

1 . Set XA1 , XAO to '00'. This enables address loading. 

2. Set BS to '0'. This selects Low address. 

3. Set PB(7:0) = Address Low byte ($00 - $FF) 

4. Give XTAL1 a positive pulse. This loads the Address Low byte. 
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Load Address High byte 

1 . Set XA1 , XAO to '00'. This enables address loading. 

2. Set BS to '1'. This selects High address. 

3. Set PB(7:0) = Address High byte ($00 - $01) 

4. Give XTAL1 a positive pulse. This loads the Address High byte. 
Load Data byte 




1 . Set XA1 , XAO to '01 '. This enables data loading. 

2. Set PB(7:0) = Data Low byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data Low byte. 
Write Data Low byte 

1 . Set BS to '0'. This selects Low data. 

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY goes low. 

3. Wait until RDY/BSY goes high to program the next byte. 
Load Data byte 

1. Set XA1, XAO to '01'. This enables data loading. 

2. Set PB(7:0) = Data High byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data High byte. 
Write Data High byte 

1 . Set BS to '1 '. This selects high data. 

2. Give WR a positive pulse. This starts programming of the data byte. RDY/BSY goes low. 

3. Wait until RDY/BSY goes high to program the next byte. 

The loaded command and address are retained in the device during programming. To simplify programming, the following 
should be considered. 

• The command for Flash programming needs only be loaded before programming of the first byte. 

• Address High byte needs only be loaded before programming a new 256 word page in the Flash. 
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Figure 32. Programming Flash Low Byte 
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Figure 33. Programming Flash High Byte 

PROGRAMMING THE EEPROM 

The programming algorithm for the EEPROM data memory is as follows (refer to Flash Programming for details on Com- 
mand, Address and Data loading): 

1. Load Command '0001 0001'. 

2. Load Low EEPROM Address ($00 - $3F) 

3. Load Low EEPROM Data ($00 - $FF) 

4. Give WR a negative pulse and wait for RDY/BSY to go high. 

The Command needs only be loaded before programming the first byte. 



2-38 AT90S1200 



AT90S1200 



READING THE FLASH 

The algorithm for reading the Flash memory is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0000 0010'. 

2. Load Low Address ($00 - $FF) 

3. Load High Address ($00 - $01) 

4. Set DE to '0', and BS to '0'. The Low Data byte can now be read at PB(7:0) 

5. Set BS to T. The High Data byte can now be read from PB(7:0) 

6. SetOEto T. 

The Command needs only be loaded before reading the first byte. 
READING THE EEPROM 

The algorithm for reading the EEPROM memory is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 0011'. 

2. Load Low Address ($00 - $3F) 

3. Set OE to '0', and BS to '0'. The EEPROM Data byte can now be read at PB(7:0) 

4. SetOEto T. 

The Command needs only be loaded before reading the first byte. 
PROGRAMMING THE FUSE BITS 

The algorithm for programming the Fuse bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0100 0000'. 

2. Load Data. 

Bit 5 = '0' programs the SPI Fuse bit. Bit 5 = '1' erases the SPI Fuse bit. 

Bit = '0' programs the RCEN Fuse bit. Bit = '1 ' erases the RCEN Fuse bit. 

3. Give WR a negative pulse and wait for RDY/B5Y to go high. 
IMPORTANT! WR must be held low for at least 1 ms. 
PROGRAMMING THE LOCK BITS 

The algorithm for programming the Lock bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0010 0000'. 

2. Load Data. 

Bit 2 = '0' programs Lock Bit2 
Bit 1 = '0' programs Lock Bit1 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
The lock bits can only be cleared by executing a chip erase. 
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READING THE FUSE AND LOCK BITS 

The algorithm for reading the Fuse and Lock bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 0100'. 

2. Set 0~E to '0', and BS to '1*. The Status of Fuses an Lock bits can now be read at PB(7:0) 
Bit 7: Lock Bit1 ('0' means programmed) 

Bit 6: Lock Bit2 ('0' means programmed) 
Bit 5: SPI Fuse ('0' means programmed) 
Bit 0: RCEN Fuse ('0' means programmed) 

3. SetUEto T. 

Observe especially that BS needs to be set to '1'. 
READING THE SIGNATURE BYTES 

The algorithm for reading the Signature bytes is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0000 1000'. 

2. Load Low address ($00 - $02) 

Set UE to '0', and BS to '0'. The Selected Signature byte can now be read at PB(7:0) 

3. SetOEto '1'. 

The command needs only be programmed before reading the first byte. 
Serial Downloading 

Both the Program and Data memory arrays can be programmed using the serial SPI bus while RESET is pulled to GND. 
The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RESET is set low, the Programming 
Enable instruction needs to be executed first before program/erase operations can be executed. 

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming operation (in the serial 
mode ONLY) and there is no need to first execute the Chip Erase instruction. The Chip Erase operation turns the content of 
every memory location in both the Program and EEPROM arrays into $FF. 

The Program and EEPROM memory arrays have separate address spaces: $000 to $3FF for Program Flash memory and 
$000 to $03F for EEPROM Data memory. 

Either an external system clock is supplied at pin XTAL1 or a crystal needs to be connected across pins XTAL1 and 
XTAL2. The minimum low and high periods for the serial clock (SCK) input are defined as follows: 
Low: > 1 XTAL1 clock cycle 
High: > 4 XTAL1 clock cycles 
SERIAL PROGRAMMING ALGORITHM 

To program and verify the AT90S1200 in the serial programming mode, the following sequence is recommended (See four 
byte instruction formats in Table 16): 

1 . Power-up sequence: 



Apply power between VCC and GND while RESET and SCK are set to '0'. (If the programmer can not guarantee that 
SCK is held low during power-up, RESET must be given a positive pulse after SCK has been set to '0'.) If a crystal is 
not connected across pins XTAL1 and XTAL2, apply a to 16 MHz clock to the XTAL1 pin. 

2. Wait for at least 20 ms and enable serial programming by sending the Programming Enable serial instruction to pin 
MOSI/PB5. Refer to the above section for minimum low and high periods for the serial clock input, SCK. 

3. If a chip erase is performed (must be done to erase the Flash), wait 10ms, give RESET a positive pulse and start over 
again from Step 2. 

4. The Flash or EEPROM array is programmed one byte at a time by supplying the address and data together with the 
appropriate Write instruction. An EEPROM memory location is first automatically erased before new data is written. 
The next byte can be written after 4 ms. 
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5. Any memory location can be verified by using the Read instruction which returns the content at the selected address at 
serial output MISO/PB6. 

At the end of the programming session, RESET can be set high to commence normal operation. 

6. Power-off sequence (if needed): 

Set XTAL1 to '0' (if a crystal is not used). 
Set RESET to T. 
Turn V cc power off. 



Instruction 


Instruction Format 


Operation 


Byte 1 


Byte 2 


Byte 3 


Byte4 


Programming 
Enable 


1010 1100 


0101 0011 


xxxx xxxx 


xxxx xxxx 


Enable Serial Programming after RESET goes 
low. 


Chip Erase 


1010 1100 


100X xxxx 


xxxx xxxx 


xxxx xxxx 


Chip erase both 1 K & 64 byte memory arrays 


Read Program 
Memory 


0010 HO 


0000 000a 


bbbb bbbb 


oooo oooo 


Read H(high or low) data o from Program 
memory at word address a:b 


Write Program 
Memory 


0100 H000 


0000 000a 


bbbb bbbb 


iiii iiii 


Write H(high or low) data i to Program memory 
at word address a:b 


Read 

EEPROM Memory 


1010 0000 


0000 0000 


xxbb bbbb 


oooo oooo 


Read data o from EEPROM memory at 
address b 


Write 

EEPROM Memory 


1100 0000 


0000 0000 


xxbb bbbb 


iiii iiii 


Write data i to EEPROM memory at address b 


Write Lock Bits 


1010 1100 


lllx x21x 


xxxx xxxx 


xxxx xxxx 


Write lock bits. Set bits 1,2='0' to program lock 
bits. 


Read Device Code 


0011 0000 


xxxx xxxx 


xxxx xxbb 


oooo oooo 


Read Device Code o from address b. 



a = address high bits 
b = address low bits 
H = - Low byte, 1 - High byte 

= data out 

1 = data in 

x = don't care 

1 = lock bit 1 

2 = lock bit 2 



RESET 


Vcc 




PB7(SCK) 




PB6(MISO) 




PB5(MOSI) 


XTAL2 




XTAL1 




GND 





2.7 -6.0V 
|_J 



- CLOCK IN 
■ DATA OUT 

- 1NSTR. IN 



Figure 34. Programming and Verify 
When writing serial data to the AT90S1 200, data is clocked on the rising edge of CLK. 

When reading data from the AT90S1200, data is clocked on the falling edge of CLK. See Figure 35 for an explanation. 



Programming Characteristics 



SERIALD £ A 6 K X X X X X x^\ 



SERIAL DATA OUTPUT 
PB6(MISO) 



SERIAL CLOCK INPUT 
PB7(SCK) 



Figure 35. Serial Downloading Waveforms 



Absolute Maximum Ratings 



Operating Temperature -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on any Pin except RESET 

with respect to Ground -1 .OV to +7.0V 



Maximum Operating Voltage 

DC Current per I/O Pin 

DC Current VCC and GND Pins.. 



6.6V 

40.0 mA 

140.0 mA 



"NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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DC Characteristics 

T A = -40°C to 85°C, V cc = 2.7V to 6.0V (unless otherwise noted) 



Symbol 


Parameter 


Condition 


Min Typ 


Max 


Units 


V IL 


Input Low Voltage 




•0.5 


0.2 Vcc -0.1 


V 


V IH 


Input High Voltage 


(Except XTAL1 , RESET) 


0.2 V cc + 0.9 


V C c + 0-5 


V 


v, H1 


Input High Voltage 


(XTAL1, RESET) 


0-7 V cc 


V C c + 0-5 


V 


V 0L 


Output Low Voltage (1) 
(Ports B, D) 


l| L = 25 mA, V cc = 5V 
l| L = 15 mA, V CC = 3V 




0.5 


V 


VOH 


Output High Voltage 
(Ports B,D) 


l 0H = 3 mA, V cc = 5V 
i OH - J mA, v cc = jv 


V CC "0.5 




V 


'OH 


Output Source Current 
(Ports B,D) 


V CC = 5V, V 0H = 4.5V 
V C c = 3V . V 0H = 2.7V 


4 

2 




mA 




Output Sink Current 


V CC - 5V, V 0L = 0.5V 


28 




mA 


In 
1 1 1_ 


(Port B,D) 


V cc = 3V, V 0L = 0.3V 


11 




RRST 


Reset Pull-Up Resistor 




100 


500 


kq 


R l/0 


I/O Pin Pull-Up Resistor 




35 


120 


kn 














Active Mode, 3V, 4MHz 


2 




mA 




Power Supply Current 


Idle Mode 3V, 4MHz 


500 




MA 


'cc 


Power Down <2> 
WDT enabled, 3V 


10 


IS ' 3 > 


UA 






Power Down |2) 
WDT disabled, 3V 


0.15 


■|(3> 


uA 


v ACIO 


Analog Comparator 
Input Offset Voltage 


V CC = 5V 




20 


mV 


'aclk 


Analog Comparator 
Input Leakage Current 


V,n = 1V 


10 




nA 


'acpd 


Analog Comparator 
Propagation Delay 


v cc = 2 - 7V 

V CC = 4-OV 


750 
500 




ns 



Notes: 1 . Under steady state (non-transient) conditions, l 0L must be externally limited as follows: 
Maximum l 0L per port pin: 20mA 
Maximum total l 0L for all output pins: 80mA 

If l ou exceeds the test condition, V 0L may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 

2. Minimum V cc for Power Down is 2V. 

3. Value tested to 45°C 
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Symbol 


Parameter 


Vcc 


= 2.7V to 6.0V 


v CC 


= 4.0V to 6.0V 


Units 






Mill 


Max 


Min 


Max 





1A CLCL 


Oscillator Frequency 





4 





16 


MHz 


•CLCL 


Clock Period 


250 




62.5 




ns 


•CHCX 


High Time 


40 




16.7 




ns 


'CLCX 


Low Time 


40 




16.7 




ns 


'CLCH 


Rise Time 




10 




4.15 


ns 


'CHCL 


Fall Time 




10 




4.15 


ns 
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IDLESUPPLYCURRENT 

ANALOG COMPARATOR OFF (TA = 25°C) 




10 12 14 16 18 

F(MHz) 



IDLESUPPLYCURRENT 

ANALOG COMPARATOR ON (TA = 25°C) 




o 2 4 



8 10 12 14 16 18 

F(MHz) 



ACTIVE CURRENT RC-OSC 

ANALOG COMPARATOR OFF (TA = 25°C) 





























2 



























































POWER DOWN SUPPLY CURRENT 

WATCHDOGTIMER DISABLED (TA=25°C) 



C " 
C 3 

2.5 

n 2 
A tJ 




VCC(V) 

POWER DOWN SUPPLY CURRENT 

WATCHDOG TIMER ENABLED (TA = 25°C) 





140 


I 


120 


c 


100 


c 


so 


M 


60 


A 


40 




20 




3.5 4 4.5 

VCC(V) 



I 

c 
c 

V- 
A 



VCC(V) 



POWER DOWN SUPPLY CURRENT 

WATCHDOGTIMER DISABLED 




VCC(V) 



INPUT SINKCURRENT 

(VCC = 5V, TA=25°C) 













































































0.2 0.4 0.6 0.8 1 1.2 



VOL(V) 



RC OSCILLATOR FREQUENCY 

(TA=25°C) 



1600 
















1400 
















F 1200 

C 1000 

^~ 800 












































k 600 
H 400 
















z ™ 


































01 1 1 1 1 

2.5 3 3.5 4 4.5 5 5.5 6 



VCC(V) 



OUTPUT SOURCE CURRENT 

(VCC = 5V,TA=25°C) 













































































































s 















2 2.5 3 3.5 4 4.5 5 

VOH(V) 



ANALOG COMPARATOR 
INPUT LEAKAGE CURRENT 

(VCC=6V,TA=25°C) 

60 , , , 1 1 , , 1 , , r— 




10 0.5 1 1.5 2 n 3 3.5 4 4.5 5 5.5 6 



VIN(V) 



Note: Charts show typical values. 



Ordering Information 



Speed (MHz) 


Power Supply 


Ordering Code* 


Package 


Operation Range 






AT90S1200-4PC 


20P3 


Commercial 
(0°C to 70°C) 






AT90S1200-4SC 


20S 


4 


2.7 - 6.0V 


AT90S1200-4YC 


20Y 


AT90S1200-4PI 
AT90S1200-4SI 
AT90S1200-4YI 


20P3 

20S 

20Y 


Industrial 
(-40°C to 85°C) 






AT90S1 200-1 6PC 
AT90S1 200-1 6SC 


20P3 
20S 


Commercial 
(0°C to 70°C) 


16 


4.0 - 6.0V 


AT90S1200-16YC 


20Y 


AT90S1 200-1 6PI 


20P3 


Industrial 
(-40°C to 85°C) 






AT90S1200-16SI 


20S 






AT90S1200-16YI 


20Y 



* Order AT90S1200A-XXX for devices with the RCEN fuse programmed. 



Package Type 


20P3 


20 Lead, 0.300" Wide Plastic Dual Inline Package (PDIP) 


20S 


20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 


20Y 


20 Lead, 5.3 mm Wide, Plastic Shrink Small Outline Package (SSOP) 
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AT90S1200 Register Summary 



Address 


Name 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


Page 


S3F 


SREG 


1 


T 


H 


s 


V 


N 


Z 


c 


2-12 


S3E 


Reserved 






S3D 


Reserved 






$3C 


Reserved 






$3B 


GIMSK 


- 1 INTO 1 - 1 - 1 ■ 1 - 1 - 1 - 


2-17 


$3A 


Reserved 






$39 


TIMSK 














TOIEO 




2-18 


S38 


TIFR 














TOVO 




2-18 


$37 


Reserved 






$36 


Reserved 






$35 


MCUCR 


1 - 1 SE 1 SM 1 - 1 - 1 ISC01 I ISCOO 


2-19 


$34 


Reserved 






S33 


TCCRO 


I - I - I - I - I CS02 I CS01 I CSOO 


2-21 


$32 


TCNTO 


Timer/CounterO (8 Bit) 


2-22 


$31 


Reserved 






$30 


Reserved 






$2F 


Reserved 




$2E 


Reserved 








$2D 


Reserved 









S2C 


Reserved 






S2B 


Reserved 






$2A 


Reserved 






$29 


Reserved 






$28 


Reserved 






$27 


Reserved 






S26 


Reserved 






525 


Reserved 






$24 


Reserved 






$23 I Reserved 






$22 


Reserved 






$21 


WDTCR 


WDE I WDP2 I WDP1 I WDPO 


2-23 


$20 


Reserved 






$1F 


Reserved 






$1E 


EEAR 


I EEPROM Address Register 


2-24 


$1D 


EEDR 


EEPROM Data Reaister 


2-24 


$1C 


EECR 


I - I ■ I ■ I - I - I EEWE I EERE 


2-24 


$1B 


Reserved 






$1A 


Reserved 






$19 


Reserved 






$18 


PORTB 


PORTB7 


PORTB6 


P0RTB5 


P0RTB4 


P0RTB3 


P0RTB2 


P0RTB1 


PORTBO 


2-26 


$17 


DDRB 


DDB7 


DDB6 


DDB5 


DD64 


DDE': 


DDB2 


DDB1 


DDBO 


2-27 


$16 


PINB 


PINB7 


PINB6 


PINB5 


P1NB4 


PINB3 


PINB2 


PINB1 


PINBO 


2-27 


$15 


Reserved 






$14 


Reserved 






$13 


Reserved 






$12 


PORTD 




PORT06 


P0RTD5 


PORTD4 


P0RTD3 


PORTD2 


PORTD 1 


PORTDO 


2-31 


$11 


DDRD 




DDD6 


DDD5 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO 


2-31 


$10 


PIND 




PIND6 


PIND5 


PIND4 


PIND3 


PIND2 


PIND 1 


PINDO 


2-31 


$0F 


Reserved 






$0E 


Reserved 






$0D 


Reserved 






$0C 


Reserved 






$0B 


Reserved 






$0A 


Reserved 






$09 


Reserved 






$08 


ACSR 


ACD I - I ACO I ACI I ACIE I - I ACIS1 I ACISO 


2-25 




Reserved 






$00 


Reserved 







ifliiiEi 
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Mnemonics 


Operands 


Description Operation 


Flags #Clocks 


ARITHMETIC AND LOGIC INST 


RUCTIONS 


ADD 


Rd Rr 


Add two Registers 


Rd — Rd + Rr 


Z,C,N,V,H 




ADC 


Rd. Rr 


Add with Carry two Registers 


Rd — Rd + Rr + C 


Z.C.N.V.H 




SUB 


Rd. Rr 


Subtract two Reqisters 


Rd — Rd - Rr 


Z.C.N.V.H 




SUBI 


Rd, K 


Subtract Constant from Register 


Rd — Rd - K 


Z.CN.V.H 




SBC 


Rd, Rr 


Subtract with Carry two Registers 


Rd — Rd - Rr - C 


Z.C.N.V.H 


1 


SBCI 


Rd, K 


Subtract with Carry Constant from Reg. 


Rd «- Rd - K- C 


Z.C.N.V.H 




AND 


Rd, Rr 


Loqical AND Reqisters 


Rd - Rd . Rr 


Z.N.V 




ANDI 


Rd, K 


Loqicai AND Reqister and Constant 


Rd t- Rd . K 


Z.N.V 




OR 


Rd, Rr 


Loqical OR Reqisters 


Rd <- Rd v Rr 


Z.N.V 




OR! 


Rd. K 


Logical OR Register and Constant 


Rd <- Rd v K 


Z.N.V 




EOR 


Rd, Rr 


Exclusive OR Registers 


Rd t- Rd©Rr 


Z.N.V 




COM 


Rd 


One's Complement 


Rd <- $FF • Rd 


Z.CN.V 




NEG 


Rd 


Two's Complement 


Rd <- $00 - Rd 


Z.C.N.V.H 




SBR 


Rd.K 


Set Bit(s) in Reqister 


Rd - Rd v K 


Z.N.V 




CBR 


Rd.K 


Clear Bit(s) in Reqister 


Rd - Rd . (FFh - K) 


Z.N.V 




INC 


Rd 


Increment 


Rd e- Rd + 1 


Z.N.V 




DEC 


Rd 


Decrement 


Rd *- Rd - 1 


Z.N.V 




TST 


Rd 


Test for Zero or Minus 


Rd «- Rd . Rd 


Z.N.V 




CLR 


Rd 


Clear Reqister 


Rd <- Rd©Rd 


Z.N.V 




SER 


Rd 


Set Reaister 


Rd <- $FF 


None 




BRANCH INSTRUCTIONS 


RJMP 


k 


Relative Jump 


PC *- PC + k + 1 


None 


2 


RCALL 


k 


Relative Subroutine Call 


PC «- PC + k + 1 


None 


3 


RET 




Subroutine Return 


PC «- STACK 


None 


4 


RETI 




Interrupt Return 


PC .- STACK 


I 


4 


CPSE 


Rd.Rr 


Compare, Skip if Equal 


if (Rd > Rr) PC - PC + 2 or 3 


None 


1 12 


CP 


Rd.Rr 


Compare 


Rd ■ Rr 


Z. N.V.C.H 


1 


CPC 


Rd.Rr 


Compare with Carry 


Rd - Rr - C 


Z, N.V.CH 


1 


CPI 


Rd,K 


Compare Register with Immediate 


Rd-K 


Z, N.V.C.H 


1 


SBRC 


Rr. b 


Skip if Bit in Reqister Cleared 


if(Rr(b)=0) PC *- PC -t- 2 or 3 


None 


1 2 


SBRS 


Rr, b 


Skip if Bit in Reqister is Set 


if (Rr(b)=1) PC - PC + 2 or3 


None 


1 /2 


SBIC 


R b 


Skip if Bit in I/O Reqister Cleared 


if (P(b)=0) PC - PC + 2 or 3 


None 


1 12 


SBIS 


P. b 


Skip if Bit in I/O Reqister is Set 


if (P(b)=1) PC <- PC + 2 or 3 


None 


1 12 


BRBS 


s, k 


Branch if Status Flap Set 


if (SREG(s) = 1 ) then PC-PC + k + 1 


None 


1 12 


BRBC 


s, k 


Branch if Status Flaq Cleared 


it (SREG(s) = 0) then PC-PC + k + 1 


None 


1 12 


BREQ 


k 


Branch If Equal 


if (Z= 1)then PC *- PC + k + 1 


None 


1 12 


BRNE 


k 


Branch if Not Equal 


if (Z = 0) then PC <- PC + k + 1 


None 


1 12 


BRCS 


k 


Branch if Carry Set 


if (C = 1) then PC <- PC + k + 1 


None 


1 12 


BRCC 


k 


Branch if Carry Cleared 


if (C = 0) then PC t- PC + k + 1 


None 


1 12 


BRSH 


k 


Branch if Same or Higher 


it (C = 0) then PC - PC + k + 1 


None 


1 12 


BRLO 


k 


Branch if Lower 


if (C = 1) then PC - PC + k + 1 


None 


1/2 


BRMI 


k 


Branch if Minus 


if (N = 1) then PC - PC + k + 1 


None 


1/2 


BRPL 


k 


Branch if Plus 


if (N = 0) then PC - PC + k + 1 


None 


1/2 


BRGE 


k 


Branch if Greater or Equal. Siqned 


if (N €> V= 0) then PC - PC + k + 1 


None 


1/2 


BRLT 


k 


Branch if Less Than Zero. Siqned 


if (N e V= 1) then PC *- PC + k + 1 


None 


1/2 


BRHS 


k 


Branch if Half Carry Flag Set 


if (H = 1} then PC - PC + k + 1 


None 


1/2 


BRHC 


k 


Branch if Half Carry Flag Cleared 


if (H = 0) then PC <- PC + k + 1 


None 


1/2 


BRTS 


k 


Branch if T Flaq Set 


if fT= 1) then PC - PC + k + 1 


None 


1 12 


BRTC 


k 


Branch if T Flaq Cleared 


if (T = 0) then PC <- PC + k + 1 


None 


1 12 


BRVS 


k 


Branch il Overflow Flaq is Set 


if (V = 1)then PC<-PC + k+ 1 


None 


1/2 


BRVC 


k 


Branch if Overflow Flaq is Cleared 


if (V = 0) then PC - PC + k + 1 


None 


1/2 


BRIE 


k 


Branch if Interrupt Enabled 


if ( I = 1)then PC - PC + k + 1 


None 


1/2 


BRID 


k 


Branch if Interrupt Disabled 


if ( I = 0) then PC - PC + k + 1 


None 


1/2 



(continued) 
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AT90S1200 Instruction Set Summary (Continued) 



Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clocks 


DATA TRANSFER INSTRUCTIONS 


LD 


Rd.Z 


Load Reqister Indirect 


Rd *- (Z) 


None 


2 


ST 


Z.Rr 


Store Reqister indirect 


(Z) Rr 


None 


2 


MOV 


Rd. Rr 


Move Between Reqisters 


Rd^Rr 


None 


1 


LD 


Rd, K 


Load Immediate 


Rd ^ K 


None 


1 


IN 


Rd, P 


In Port 


Rd <- P 


None 


i 


OUT 


P, Rr 


Out Port 


P^Rr 


None 


1 


BIT AND BIT-TEST INSTRUCTIONS 


SBI 


P.b 


Set Bit in I/O Reqister 


l/0(P,b) <- 1 


None 


2 


CBI 


Rb 


Clear Bit in I/O Reqister 


l/0(P.b) <- 


None 


2 


LSL 


Rd 


Loqica! Shilt Left 


Rd(n+1)^Rd(n), Rd(0) .- 


Z.C.N.V 


1 


LSR 


Rd 


Loqical Shift Riqht 


Rd(n)<-Rd(n+1), Rd(7) <- 


Z.CN.V 


1 


ROL 


Rd 


Rotate Left Through Carry 


Rd(0VC,Rd(n+1)- Rd(n),C^Rd(7) 


Z.CN.V 


1 


ROR 


Rd 


Rotate Riqht Throuqh Carry 


Rd(7)^C,Rd(n)- Rd(n+1).C^Rd(0) 


Z.C.N.V 


1 


ASR 


Rd 


Arithmetic Shift Riqht 


Rd(n) <- Rd(n+1), n=0..6 


Z.CN.V 




SWAP 


Rd 


Swap Nibbles 


Rd(3..0)<-Rd(7..4).Rd(7..4).-Rd(3..0) 


None 




BSET 


5 


Flaq Set 


SREG(S) <- 1 


SREG(s) 




BCLR 


S 


Flag Clear 


SREG(s) *- 


SREG(s) 




BST 


Rr, b 


Bit Store from Reqister to T 


T <- Rr(b) 


T 




BLD 


Rd, b 


Bit load from T to Reqister 


Rd(b)^T 


None 




SEC 




Set Carry 


C.-1 


C 




CLC 




Clear Carry 


C^O 


C 




SEN 




Set Neqative Flaq 


N^1 


N 




CLN 




Clear Neqative Flaq 


N*-0 


N 




SE2 




Set Zero Flaq 


Z- 1 


Z 




CLZ 




Clear Zero Flaq 


Z - 


Z 




SEI 




Global Interrupt Enable 


I ■ 1 


I 




CLI 




Global Interrupt Disable 


1 


I 




SES 




Set Siqned Test Flaq 


S •- 1 


s 




CLS 




Clear Siqned Test Flaq 


S-0 


s 




SEV 




Set Twos Compiement Overflow 


V.- 1 


V 




CLV 




Clear Twos Complement Overflow 


v«-o 


V 




SET 




Set T in SREG 


T*- 1 


T 




CLT 




Clear T in SREG 


T.-0 


T 




SEH 




Set Half Carry Flaq in SREG 


H - 1 


H 




CLH 




Clear Half Carry Flaq in SREG 


H - 


H 




NOP 




No Operation 




None 




SLEEP 




Sleep 


(see specific descr. for Sleep function) 


None 


3 


WDR 




Watch Doq Reset 


(see specific descr. for WDR/timer) 


None 


1 
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Features 

• Utilizes the AVR® Enhanced RISC Architecture 

• AVfl - High Performance and Low Power RISC Architecture 

• 120 Powerful Instructions - Most Single Clock Cycle Execution 

• 2K bytes of In-System Reprogrammable Downloadable Flash 

- SPI Serial Interface for Program Downloading 

- Endurance: 1 ,000 Write/Erase Cycles 

• 128 bytes EEPROM 

- Endurance: 1 00,000 Write/Erase Cycles 
128 bytes Internal RAM 
32 x 8 General Purpose Working Registers 
15 Programmable I/O Lines 
V cc : 2.7 - 6.0V 

Fully Static Operation, - 20 MHz 
Instruction Cycle Time: 50 ns @ 20 MHz 
One 8-Bit Timer/Counter with Separate Prescaler 
One 16-Bit Timer/Counter with Separate Prescaler 
and Compare and Capture Modes 
Full Duplex UART 
Selectable 8, 9 or 10 bit PWM 
External and Internal Interrupt Sources 
Programmable Watchdog Timer with On-Chip Oscillator 
On-Chip Analog Comparator 
Low Power Idle and Power Down Modes 
Programming lock for Software Security 
20-Pin Device 



Description 

The AT90S2313 is a low-power CMOS 8-bit microcontroller based on the AVR® 
enhanced RISC architecture. By executing powerful instructions in a single clock 
cycle, the AT90S2313 achieves throughputs approaching 1 MIPS per MHz allowing 
the system designer to optimize power consumption versus processing speed. 
The AVR core combines a rich instruction set with 32 general purpose working regis- 
ters. All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), 
allowing two independent registers to be accessed in one single instruction executed 
in one clock cycle. The resulting architecture is more code efficient while achieving 
throughputs up to ten times faster than conventional CISC microcontrollers. 

(continued) 
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Block Diagram 
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Figure 1. The AT90S2313 Block Diagram 
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Description (Continued) 

The AT90S2313 provides the following features: 2K bytes of Downloadable Flash, 128 bytes EEPROM, 128 bytes SRAM, 
15 general purpose I/O lines, 32 general purpose working registers, flexible timer/counters with compare modes, internal 
and external interrupts, a programmable serial UART, programmable Watchdog Timer with internal oscillator, an SPI serial 
port for Flash Memory downloading and two software selectable power saving modes. The Idle Mode stops the CPU while 
allowing the SRAM, timer/counters, SPI port and interrupt system to continue functioning. The power down mode saves the 
register contents but freezes the oscillator, disabling all other chip functions until the next interrupt or hardware reset. 

The device is manufactured using Atmel's high density non-volatile memory technology. The on-chip Downloadable Flash 
allows the program memory to be reprogrammed in-system through an SPI serial interface or by a conventional nonvolatile 
memory programmer. By combining an enhanced RISC 8-bit CPU with Downloadable Flash on a monolithic chip, the Atmel 
AT90S2313 is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded con- 
trol applications. 

The AT90S2313 AVR is supported with a full suite of program and system development tools including: C compilers, macro 
assemblers, program debugger/simulators, in-circuit emulators, and evaluation kits. 

Pin Descriptions 

vcc 

Supply voltage pin. 



GND 

Ground pin. 



Port B (PB7..PB0) 

Port B is an 8-bit bi-directional I/O port. Port pins can provide internal pullups (selected for each bit). PBO and PB1 also 
serve as the positive input (AINO) and the negative input (AIN1), respectively, of the on-chip analog comparator. The Port B 
output buffers can sink 20mA and can drive LED displays directly. When pins PBO to PB7 are used as inputs and are exter- 
nally pulled low, they will source current (l IL ) if the internal pullups are activated. 

Port B also serves the functions of various special features of the AT90S2313 as listed on Page 3-50. 
Port D (PD6..PD0) 

Port D has seven bi-directional I/O pins with internal pullups, PD6..PD0. The Port D output buffers can sink 20 mA. As 
inputs, Port D pins that are externally pulled low will source current (l, L ) if the pullups are activated. 
Port D also serves the functions of various special features of the AT90S2313 as listed on Page 3-55. 



RESET 

Reset input. A low on this pin for two machine cycles while the oscillator is running resets the device. 



XTAL1 

Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 
XTAL2 

Output from the inverting oscillator amplifier 



Crystal Oscillator 

XTAL1 and XTAL2 are input and output, respectively , of an inverting amplifier which can be configured for use as an on- 
chip oscillator, as shown in Figure 2. Either a quartz crystal or a ceramic resonator may be used. To drive the device from 
an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 3. 
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Figure 2. Oscillator Connections 
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AT90S2313 AVR Enhanced RISC Microcontroller CPU 

The AT90S2313 AVR RISC microcontroller is upward compatible with the AVR Enhanced RISC Architecture. The pro- 
grams written for the AT90S2313 MCU are fully compatible with the range of AVR 8-bit MCUs (AT90Sxxxx) with respect to 
source code and clock cycles for execution. 

Architectural Overview 

The fast-access register file concept contains 32 x 8-bit general purpose working registers with a single clock cycle access 
time. This means that during one single clock cycle, one ALU (Arithmetic Logic Unit) operation is executed. Two operands 
are output from the register file, the operation is executed, and the result is stored back in the register file - in one clock 
cycle. 

Six of the 32 registers can be used as three 16-bits indirect address register pointers for Data Space addressing - enabling 
efficient address calculations. One of the three address pointers is also used as the address pointer for the constant table 
look up function. These added function registers are the 16-bits X-register, Y-register and Z-register. 
The ALU supports arithmetic and logic functions between registers or between a constant and a register. Single register 
operations are also executed in the ALU. Figure 4 shows the AT90S2313 AVR Enhanced RISC microcontroller architec- 
ture. 

In addition to the register operation, the conventional memory addressing modes can be used on the register file as well. 
This is enabled by the fact that the register file is assigned the 32 lowermost Data Space addresses ($00 - $1 F), allowing 
them to be accessed as though they were ordinary memory locations. 

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, Timer/Counters, A/D- 
converters, and other I/O functions. The I/O memory can be accessed directly, or as the Data Space locations following 
those of the register file, $20 - $5F. 

The AVR has Harvard architecture - with separate memories and buses for program and data. The program memory is 
accessed with a single level pipelining. While one instruction is being executed, the next instruction is pre-fetched from the 
program memory. This concept enables instructions to be executed in every clock cycle. The program memory is in-system 
downloadable Flash memory. 

With the relative jump and call instructions, the whole 1K address space is directly accessed. Most AVR instructions have a 
single 16-bit word format. Every program memory address contains a 16- or 32-bit instruction. 

During interrupts and subroutine calls, the return address program counter (PC) is stored on the stack. The stack is effec- 
tively allocated in the general data SRAM, and consequently the stack size is only limited by the total SRAM size and the 
usage of the SRAM. All user programs must initialize the SP in the reset routine (before subroutines or interrupts are exe- 
cuted). The 8-bit stack pointer SP is read/write accessible in the I/O space. 

The 128 bytes data SRAM + register file and I/O registers can be easily accessed through the five different addressing 
modes supported in the AVR architecture. 

The memory spaces in the AVR architecture are all linear and regular memory maps. 



AVR AT90S2313 Architecture 

Data Bus 8-bit 




Figure 4. The AT90S2313 AVR Enhanced RISC Architecture 
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Figure 5. Memory Maps 
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A flexible interrupt module has its control registers in the I/O space with an additional global interrupt enable bit in the status 
register. All the different interrupts have a separate interrupt vector in the interrupt vector table at the beginning of the pro- 
gram memory. The different interrupts have priority in accordance with their interrupt vector position. The lower the interrupt 
address vector the higher priority. 

The General Purpose Register File 



Figure 6 shows the structure of the 32 general purpose registers in the CPU. 






7 


Addr 






RO 


$00 






R1 


$01 






R2 


$02 














R13 


$0D 




General 


R14 


$0E 




Purpose 


R15 


$0F 




Working 


R16 


$10 




Registers 


R17 


$11 














R26 


$1A 


X-register low byte 




R27 


$1B 


X-register high byte 




R28 


$1C 


Y-register low byte 




R29 


$1D 


Y-register high byte 




R30 


$1E 


Z-register low byte 




R31 


$1F 


Z-register high byte 



Figure 6. AVR CPU General Purpose Working Registers 



All the register operating instructions in the instruction set have direct and single cycle access to all registers. The only 
exception is the five constant arithmetic and logic instructions SBCI, SUBI, CPI, ANDI, ORI between a constant and a reg- 
ister and the LDI instruction for load immediate constant data. These instructions apply to the second half of the registers in 
the register file - R16..R31. The general SBC, SUB, CP, AND, OR and all other operations between two registers or on a 
single register apply to the entire register file. 

As shown in Figure 6, each register is also assigned a data memory address, mapping them directly into the first 32 loca- 
tions of the user Data Space. Although the register file is not physically implemented as SRAM locations, this memory 
organization provides great flexibility in access of the registers, as the X , Y and Z registers can be set to index any register 
in the file. 



THE X-REGISTER, Y-REGISTER, AND Z-REGISTER 

The registers R26..R31 have some added functions to their general purpose usage. These registers are the address point- 
ers for indirect addressing of the Data Space. The three indirect address registers X, Y and Z are defined as: 
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Figure 7. The X, Y, and Z Registers 



In the different addressing modes these address registers have functions as fixed displacement, automatic increment and 
decrement (see the descriptions for the different instructions). 

The ALU - Arithmetic Logic Unit 

The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a 
single clock cycle, ALU operations between registers in the register file are executed. The ALU operations are divided into 
three main categories - arithmetic, logic and bit-functions. Some microcontrollers in the AVR product family feature a hard- 
ware multiplier in the arithmetic part of the ALU. 

The Downloadable Flash Program Memory 

The AT90S2313 contains 2K bytes on-chip downloadable Flash memory for program storage. Since all instructions are 16- 
or 32-bit words, the Flash is organized as 1K x 16. The Flash memory has an endurance of at least 1000 write/erase 
cycles. 

The AT90S2313 Program Counter PC is 10 bits wide, thus addressing the 1024 program memory addresses. 
See Page 3-59 for a detailed description on Flash data downloading. 

Constant tables must be allocated within the address 0-2K (see the LPM - Load Program Memory instruction description). 
See Page 3-14 for the different addressing modes. 
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The EEPROM Data Memory 

The AT90S231 3 contains 128 bytes of EEPROM data memory. It is organized as a separate data space, in which single 
bytes can be read and written. The EEPROM has an endurance of at least 100,000 write/erase cycles. The access 
between the EEPROM and the CPU is described on Page 3-40 specifying the EEPROM address register, the EEPROM 
data register, and the EEPROM control register. 

For the SPI data downloading, see Page 3-64 for a detailed description. 

The SRAM Data Memory 

The following figure shows how the AT90S2313 Data Memory is organized: 



Register File 




Data Address Space 


R0 




$00 


R1 






$01 


R2 






$02 












R29 








$1D 


R30 




S1E 


R31 




$1F 


I/O Registers 


$00 




$20 


$01 




$21 


(02 




S22 








S3D 




S5D 


$3E 




$5E 


$3F 




$5F 



Internal SRAM 



$60 



$61 



$62 



$DD 



$DE 



$DF 







Figure 8. SRAM Organization 

The 224 Data Memory locations address the Register file, I/O Memory and the data SRAM. The first 96 locations address 
the Register File + I/O Memory, and the next 128 locations address the data SRAM. 

The five different addressing modes for the data memory cover: Direct, Indirect with Displacement, Indirect, Indirect with 
Pre-Decrement and Indirect with Post-Increment. In the register file, registers R26 to R31 feature the indirect addressing 
pointer registers. 

The Direct addressing reaches the entire data address space. 

The Indirect with Displacement mode features 63 address locations reach from the base address given by the Y and Z reg- 
ister. 

When using register indirect addressing modes with automatic pre-decrement and post-increment, the address registers X, 
Y and Z are used and decremented and incremented. 
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The 32 general purpose working registers, 64 I/O registers and the 128 bytes of data SRAM in the AT90S2313 are all 
directly accessible through all these addressing modes. 

The Program and Data Addressing Modes 

The AT90S2313 AVR Enhanced RISC Microcontroller supports powerful and efficient addressing modes for access to the 
program memory (Flash) and data memory. This section describes the different addressing modes supported by the AVR 
architecture. In the figures, OP means the operation code part of the instruction word. To simplify, not all figures show the 
exact location of the addressing bits. 

REGISTER DIRECT, SINGLE REGISTER RD 



REGISTER FILE 




Figure 9. Direct Single Register Addressing 



The operand is contained in register d (Rd). 
REGISTER DIRECT, TWO REGISTERS RD AND RR 



REGISTER FILE 



Figure 10. Direct Register Addressing, Two Registers 
Operands are contained in register r (Rr) and d (Rd). The result is stored in register d (Rd). 
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Figure 11. I/O Direct Addressing 



Operand address is contained in 6 bits of the instruction word, n is the destination or source register address. 
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Figure 12. Direct Data Addressing 



A 16-bit Data Address is contained in the 16 LSBs of a two-word instruction. Rd/Rr specify the destination or source regis- 
ter. 
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Figure 13. Data Indirect with Displacement 



Operand address is the result of the Y or Z-register contents added to the address contained in 6 bits of the instruction 
word. 
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Operand address is the contents of the X, Y or the Z-register. 
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Figure 15. Data Indirect Addressing With Pre-Decrement 

The X , Y or the Z-register is decremented before the operation. Operand address is the decremented contents of the X, Y 
or the Z-register. 

DATA INDIRECT WITH POST-INCREMENT 



Data Space 



X, Y OR Z - REGISTER 




$DF 



Figure 16. Data Indirect Addressing With Post-Increment 

The X, Y or the Z-register is incremented after the operation. Operand address is the content of the X, Y or the Z-register 
prior to incrementing. 
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CONSTANT ADDRESSING USING THE LPM INSTRUCTION 
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Figure 17. Code Memory Constant Addressing 



Constant byte address is specified by the Z-register contents. The 1 5 MSBs select word address (0 - 1 K), and LSB selects 
low byte if cleared (LSB = 0) or high byte if set (LSB = 1). 
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Figure 18. Indirect Program Memory Addressing 

Program execution continues at address contained by the Z-register (i.e., the PC is loaded with the content of the Z-regis- 
ter). 
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Figure 19. Relative Program Memory Addressing 
Program execution continues at address PC + k. The relative address k is in the range from -2K to +(2K - 1). 



Memory Access and Instruction Execution Timing 

This section describes the general access timing concepts for instruction execution and internal memory access. 

The A VR CPU is driven by the System Clock 0, directly generated from the external clock crystal for the chip. No internal 

clock division is used. 

Figure 20 shows the parallel instruction fetches and instruction executions enabled by the Harvard architecture and the 
fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIPS per MHz with the corresponding 
unique results for functions per cost, functions per clocks, and functions per power-unit. 
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Figure 20. The Parallel Instruction Fetches and Instruction Executions 

Figure 21 shows the internal timing concept for the register file. In a single clock cycle an ALU operation using two register 
operands is executed, and the result is stored back to the destination register. 
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Figure 21. Single Cycle ALU Operation 
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The internal data SRAM access is performed in two System Clock cycles 



Figure 22. 
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Figure 22. On-Chip Data SRAM Access Cycles 
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I/O Memory 

The I/O space definition of the AT90S2313 is shown in the following table: 
Table 1. AT90S2313 I/O Space 



Address Hex 


Name 


Function 


$3F ($5F) 


SREG 


Status REGister 


$3D ($5D) 


SPL 


Slack Pointer Low 


$3B (S5B) 


GIMSK 


General Interrupt MaSK register 


$3A ($5A) 


GIFR 


General Interrupt Flag Register 


$39 (S59) 


TIMSK 


Timer/Counter Interrupt MaSK register 


$38 ($58) 


TIFR 


Timer/Counter Interrupt Flag register 


$35 ($55) 


MCUCR 


MCU general Control Register 


$33 ($53) 




TCCRO 


Timer/Counter Control Register 


$32 ($52) 


TCNTO 


Timer/Counter (8-bit) 


$2F ($4F) 


TCCR1 A 


Timer/Counter 1 Control Register A 


$2E ($4E) 


TCCR1B 


Timer/Counter 1 Control Register B 


$2D ($40) 


TCNT1H 


Timer/Counter 1 High Byte 


S2C ($4C) 


TCNT1L 


Timer/Counter 1 Low Byte 


$2B ($4B) 


OCR1H 


Output Compare Register 1 High Byte 


$2A ($4A) 


OCR1L 


Output Compare Register 1 Low Byte 


$25 ($45) 


ICR1H 


T/C 1 Input Capture Register High Byte 


$24 ($44) 


ICR1L 


T/C 1 Input Capture Register Low Byte 


$21 ($41) 


WDTCR 


Watchdog Timer Control Register 


$1 E ($3E) 


EEAR 


EEPROM Address Register 


$1D ($3D) 


EEDR 


EEPROM Data Register 


$1C ($3C) 


EECR 


EEPROM Control Register 


$18 ($38) 


PORTB 


Data Register, Port B 


$17 ($37) 


DDRB 


Data Direction Register, Port B 


$16 ($36) 


PINB 


Input Pins, Port B 


$12 ($32) 


PORTD 


Data Register, Port D 


$11 ($31) 


DDRD 


Data Direction Register, Port D 


$10 ($30) 


PIND 


Input Pins, Port D 


$0C ($2C) 


UDR 


UART I/O Data Register 


$0B ($2B) 


USR 


UART Status Register 


$0A ($2A) 


UCR 


UART Control Register 


$09 ($29) 


UBRR 


UART Baud Rate Register 


$08 ($28) 


ACSR 


Analog Comparator Control and Status Register 



Note: Reserved and unused locations are not shown in the table. 
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All the different AT90S2313 I/O and peripherals are placed in the I/O space. The different I/O locations are accessed by the 
IN and OUT instructions transferring data between the 32 general purpose working registers and the I/O space. I/O regis- 
ters within the address range $00 - $1 F are directly bit-accessible using the SBI and CBI instructions. In these registers, the 
value of single bits can be checked by using the SBIS and SBIC instructions. Refer to the instruction set chapter for more 
details. 

When using the I/O specific commands, IN, OUT.SBIS and SBIC, the I/O addresses $00 - $3F must be used. When 
addressing I/O registers as SRAM, $20 must be added to this address. All I/O register addresses throughout this document 
are shown with the SRAM address in parentheses. 

The different I/O and peripherals control registers are explained in the following sections. 
THE STATUS REGISTER - SREG 

The AVR status register - SREG - at I/O space location $3F ($5F) is defined as: 
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Bit 7 - 1 : Global Interrupt Enable: 

The global interrupt enable bit must be set (one) for the interrupts to be enabled. The individual interrupt enable control is 
then performed in the interrupt mask registers - GIMSK and TIMSK. If the global interrupt enable register is cleared (zero), 
none of the interrupts are enabled independent of the GIMSK and TIMSK values. The 1-bit is cleared by hardware after an 
interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. 

Bit 6 - T : Bit Copy Storage: 

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T bit as source and destination for the operated bit. A 
bit from a register in the register file can be copied into T by the BST instruction, and a bit in T can be copied into a bit in a 
register in the register file by the BLD instruction. 

Bit 5 - H : Halt Carry Flag: 

The half carry flag H indicates a half carry in some arithmetic operations. See the Instruction Set Description for detailed 
information. 

Bit 4 - S : Sign Bit, $ = N ® V : 

The S-bit is always an exclusive or between the negative flag N and the two's complement overflow flag V. See the Instruc- 
tion Set Description for detailed information. 

Bit 3 - V : Two's Complement Overflow Flag: 

The two's complement overflow flag V supports two's complement arithmetics. See the Instruction Set Description for 
detailed information. 

Bit 2 - N : Negative Flag: 

The negative flag N indicates a negative result after the different arithmetic and logic operations. See the Instruction Set 
Description for detailed information. 

Bit 1 - Z : Zero Flag: 

The zero flag Z indicates a zero result after the different arithmetic and logic operations. See the Instruction Set Description 
for detailed information. 

Bit - C : Carry Flag: 

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction Set Description for detailed infor- 
mation. 
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THE STACK POINTER - SP 

An 8-bit register at I/O address $3D ($5D) forms the stack pointer of the AT90S2313. 8 bits are used to address the 128 
bytes of SRAM in locations $60 - $DF. 

Bit 7 6 5 4 3 2 1 

$3D ($50) SP7 SP6 SP5 ~ " SP3 SP2 SP1 SPO | SPL 

Read/Write R/W R/W WW WW RAM R/W R/W WW 

Initial value 00000000 

The Stack Pointer points to the data SRAM stack area where the Subroutine and Interrupt Stacks are located. This Stack 
space in the data SRAM must be defined by the program before any subroutine calls are executed or interrupts are 
enabled. The Stack Pointer is decremented by one when data is pushed onto the Stack with the PUSH instruction, and it is 
decremented by two when data is pushed onto the Stack with subroutine CALL and interrupt. The Stack Pointer is incre- 
mented by one when data is popped from the Stack with the POP instruction, and it is incremented by two when data is 
popped from the Stack with return from subroutine RET or return from interrupt IRET. 

Reset and Interrupt Handling 

The AT90S2313 provides 10 different interrupt sources. These interrupts and the separate reset vector, each have a sepa- 
rate program vector in the program memory space. All the interrupts are assigned individual enable bits which must be set 
(one) together with the l-bit in the status register in order to enable the interrupt. 

The lowest addresses in the program memory space are automatically defined as the Reset and Interrupt vectors. The 
complete list of vectors is shown in Table 2. The list also determines the priority levels of the different interrupts. The lower 
the address the higher is the priority level. RESET has the highest priority, and next is INTO - the External Interrupt Request 
0, etc. 



Table 2. Reset and Interrupt Vectors 



Vector No. 


Program Address 


Source 


Interrupt Definition 


1 


$000 


RESET 


Hardware Pin and Watchdog Reset 


2 


$001 


INTO 


External Interrupt Request 


3 


$002 


INT1 


External Interrupt Request 1 


4 


$003 


TIMER1 CAPT1 


Timer/Counterl Capture Event 


5 


$004 


TIMER1 COMP1 


Timer/Counterl Compare Match 


6 


$005 


TIMER1 OVF1 


Timer/Counterl Overflow 


7 


$006 


TIMER0. OVF0 




Timer/CounterO Overflow 


8 


$007 


UART, RX 


UART, Rx Complete 


9 


$008 


UART, UDRE 


UART Data Register Empty 


10 


$009 


UART, TX 


UART, Tx Complete 


11 


$00A 


ANA_COMP 


Analog Comparator 
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The most typical and general program setup for the Reset and Interrupt Vector Addresses are: 



Address 


Labels 


Code 


Comments 


$000 




rjmp 


RESET 




Reset Handle 


$001 




rjmp 


EXT_INT0 




IRQ0 Handle 


$002 




rjmp 


EXT_INT1 




IRQ1 Handle 


$003 




rjmp 


TIM_CAPT1 




Timerl capture Handle 


$004 




rjmp 


T1M_C0MP1 




Timerl compare Handle 


$005 




rjmp 


TIM_0VF1 




Timerl overflow Handle 


$006 




rjmp 


TIM_OVF0 




TimerO overflow Handle 


$007 




rjmp 


UART_RXC 




UART RX Complete Handle 


$008 




rjmp 


UART_DRE 




UDR Empty Handle 


$009 




rjmp 


UART_TXC 




UART TX Complete Handle 


$00a 




rjmp 


ANA_COMP 




Analog Comparator Handle 



$00b 



XXX 



RESET SOURCES 

The AT90S2313 has three sources of reset: 



; Main program start 



Power-On Reset. The MCU is reset when a supply voltage is applied to the V cc and GND pins. 

External Reset. The MCU is reset when a low level is present on the RESET pin for more than two XTAL cycles 

Watchdog Reset. The MCU is reset when the Watchdog timer period expires and the Watchdog is enabled. 



During reset, all I/O registers are then set to their initial values, and the program starts execution from address $000. The 
instruction placed in address $000 must be an RJMP - relative jump - instruction to the reset handling routine. If the pro- 
gram never enables an interrupt source, the interrupt vectors are not used, and regular program code can be placed at 
these locations. The circuit diagram in Figure 23 shows the reset logic. Table 3 defines the timing and electrical parameters 
of the reset circuitry. 



Power-On Reset 
Circuit 



Reset Circuit 



iOi 



Watchdog 
Timer 



On-Chip 
RC-Oscillator 



14-Stage Ripple Counter 



I i I I I I i I I I I 



FSTRT 
1 



s 


Q 






R 


Q 



INTERNAL RESET 



Figure 23. Reset Logic 



Table 3. Reset Characteristics (V cc = 5.0V) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


VPOT 


Power-On Reset Threshold Voltage 


1.8 


2 


2.2 


V 


Vrst 


RESET Pin Threshold Voltage 








V 


'POR 


Power-On Reset Period 


2 


3 


4 


ms 


'tout 


Reset Delay Time-Out Period 
FSTRT Unprogrammed 


11 


16 


21 


ms 


'tout 


Reset Delay Time-Out Period 
FSTRT Programmed 


1.0 


1.1 


1.2 


ms 



POWER-ON RESET 



A Power-On Reset (POR) circuit ensures that the device is not started until V cc has reached a safe level. As shown in Fig- 
ure 23, an internal timer is clocked from the Watchdog timer. This timer prevents the MCU from starting until after a certain 
period after V cc has reached the Power-On Threshold voltage - V POT . See Figure 24 and Figure 25. The total reset period 
is the Power-On Reset period - t P0B + the Delay Time-out period - t T0UT . The FSTRT fuse bit in the Flash can be pro- 
grammed to give a shorter start-up time if a ceramic resonator or any other fast-start oscillator is used to clock the MCU. 
As the RESET pin is pulled high by an on-chip resistor, the pin can be left unconnected if no external reset is required. Con- 
necting RESET to V cc will have the same effect. By holding the RESET pin low for a period after V cc has been applied, the 
Power-On Reset period can be extended. Refer to Figure 26 for a timing example on this. 



vcc 



RESET 



POR 



INTERNAL 
RESET 



Figure 24. MCU Start-Up, RESET Tied to V cc or Unconnected. Rapidly Rising V cc 
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Figure 25. MCU Start-Up, RESET Tied to V cc or Unconnected. Slowly Rising V cc 
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Figure 26. MCU Start-Up, RESET Controlled Externally 
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EXTERNAL RESET 

An external reset is generated by a low level on the RESET pin. The RESET pin must be held low for at least two crystal 
clock cycles. When reaches the Reset Threshold Voltage - V RST on its positive edge, the delay timer starts the MCU after 
the Time-out period t T0UT has expired. 

vcc 



RESET 



TIME-OUT 



INTERNAL 
RESET 



Figure 27. External Reset During Operation 

WATCHDOG RESET 

When the Watchdog times out, it will generate a short reset pulse of 1 XTAL cycle duration. On the falling edge of this 
pulse, the delay timer starts counting the Time-out period t T0UT . Refer to Page 3-39 for details on operation of the Watch- 
dog. 

vcc 



WDT 
TIME-OUT 



■ 1 XTAL Cycle 



RESET 
TIME-OUT 



INTERNAL 
RESET 



Figure 28. Watchdog Reset During Operation 

INTERRUPT HANDLING 

The AT90S2313 has two 8-bit Interrupt Mask control registers; GIMSK - General Interrupt Mask register and TIMSK - 
Timer/Counter Interrupt Mask register. 

When an interrupt occurs, the Global Interrupt Enable l-bit is cleared (zero) and all interrupts are disabled. The user soft- 
ware can set (one) the l-bit to enable interrupts. The l-bit is set (one) when a Return from Interrupt instruction - RETI - is 
executed. 

For Interrupts triggered by events that can remain static (e.g. the Output Compare registerl matching the value of Timer/ 
CounteM) the interrupt flag is set when the event occurs. If the interrupt flag is cleared and the interrupt condition persists, 
the flag will not be set until the event occurs the next time. 

When the Program Counter is vectored to the actual interrupt vector in order to execute the interrupt handling routine, hard- 
ware clears the corresponding flag that generated the interrupt. Some of the interrupt flags can also be cleared by writing a 
logic one to the flag bit position(s) to be cleared. 
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THE GENERAL INTERRUPT MASK REGISTER - GIMSK 



Bit 


7 


6 


5 


4 


3 


2 1 





$3B ($5B) 


| INT1 


INTO | 










- 


Read/Write 


R/W 


R/W 


R 


R 


R 


R R 


R 


Initial value 
























Bit 7 - INT1 : External Interrupt Request 1 Enable: 

When the INT1 bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense Contrail bits 1/0 (ISC11 and ISC10) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INT1 pin or level sensed. Activity on the pin will cause an 
interrupt request even if INT1 is configured as an output. The corresponding interrupt of External Interrupt Request 1 is 
executed from program memory address $002. See also "external Interrupts". 

Bit 6 - INTO : External Interrupt Request Enable: 

When the INTO bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense ControlO bits 1/0 (ISC01 and ISCOO) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INTO pin or level sensed. Activity on the pin will cause an 
interrupt request even if INTO is configured as an output. The corresponding interrupt of External Interrupt Request is 
executed from program memory address $001. See also "External Interrupts." 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read as zero. 
THE GENERAL INTERRUPT FLAG REGISTER - GIFR 



Bit 




7 


6 


5 


4 


3 


2 


1 







$3A ($5A) 


I 


INTF1 


INTFO | 














| GIMSK 


Read/Write 




R/W 


R/W 


R 


R 


R 


R 


R 


R 




Initial value 













° 

















Bit 7 - INTF1 : External Interrupt Flagl : 

When an event on the INT1 pin triggers an interrupt request, INTF1 becomes set (one). If the l-bit in SREG and the INT1 bit 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $002. The flag is cleared when the interrupt 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 

Bit 6 - INTFO : External Interrupt Flag O: 

When an event on the INTO pin triggers an interrupt request, INTFO becomes set (one). If the l-bit in SREG and the INTO bit 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $001. The flag is cleared when the interrupt 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 

Bits 5..Q - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read as zero. 
THE TIMER/COUNTER INTERRUPT MASK REGISTER - TIMSK 



Bit 


7 


6 


5 


4 3 


2 


1 







$39 ($59) 


| TOIE1 


OCIE1A 




TICIE1 




TOIE0 




| TIMSK 


Read/Write 


R/W 


R/W 


R 


R R/W 


R 


R/W 


R 




Initial value 


























Bit 7 - TOIE1 : Timer/Counter! Overflow Interrupt Enable: 

When the TOIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounteM Overflow interrupt is 
enabled. The corresponding interrupt (at vector $005) is executed if an overflow in Timer/Counterl occurs. The Overflow 
Flag (Timer/Counterl) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. When Timer/Counterl is in PWM 
mode, the Timer Overflow flag is set when the counter changes counting direction at $0000. 




Bit 6 - OCIE1A :Timer/Counter1 Output Compare Match Interrupt Enable: 

When the OCIE1A bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl Compare Match inter- 
rupt is enabled. The corresponding interrupt (at vector $004) is executed if a Compare match in Timer/Counterl occurs. 
The Compare Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 5.4 - Res :Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read zero. 
Bit 3 - TICIE1 : Timer/Counterl Input Capture Interrupt Enable: 

When the TICIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl Input Capture Event 
Interrupt is enabled. The corresponding interrupt (at vector $003) is executed if a capture-triggering event occurs on pin 
11, PD6(ICP). The Input Capture Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 2 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S2313 and always reads as zero. 
Bit 1 - TOIE0 : Timer/CounterO Overflow Interrupt Enable: 

When the TOIE0 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounterO Overflow interrupt is 
enabled. The corresponding interrupt (at vector $006) is executed if an overflow in Timer/CounterO occurs. The Overflow 
Flag (TimerO) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit - Res : Reserved bit; 

This bit is a reserved bit in the AT90S2313 and always reads as zero. 
THE TIMER/COUNTER INTERRUPT FLAG REGISTER - TIFR 



Bit 



$38 ($58) | TOV1 



Read/Write R/W R/W R R R/W R R/W R 

Initial value 00000 



Bit7-TOV1 : Timer/Counterl Overflow Flag: 

The TOV1 is set (one) when an overflow occurs in Timer/Counterl. TOV1 is cleared by hardware when executing the cor- 
responding interrupt handling vector. Alternatively, TOV1 is cleared by writing a logical one to the flag. When the l^bit in 
SREG, and TOIE1 (Timer/Counterl Overflow Interrupt Enable), and TOV1 are set (one), the Timer/Counterl Overflow 
Interrupt is executed. In PWM mode, this bit is set when Timer/Counterl changes counting direction at $0000. 

Bit 6 - OCF1 A : Output Compare Flag 1A: 

The OCF1A bit is set (one) when compare match occurs between the Timer/Counterl and the data in OCR1A - Output 
Compare Registerl A. OCF1 A is cleared by hardware when executing the corresponding interrupt handling vector. Alterna- 
tively, OCF1A is cleared by writing a logical one to the flag. When the l-bit in SREG, and OCIE1A (Timer/Counterl Com- 
pare match Interrupt Enable), and the OCF1A is set (one), the Timer/Counterl Compare match Interrupt is executed. 

Bits 5. 4 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read zero. 
Bit 3 - ICF1 : - Input Capture Flag 1 : 

The ICF1 bit is set (one) to flag an input capture event, indicating that the Timer/Counterl value has been transferred to the 
input capture register - ICR1. ICF1 is cleared by hardware when executing the corresponding interrupt handling vector. 
Alternatively, ICF1 is cleared by writing a logical one to the flag. 

Bit 2 -Res: Reserved bit: 

This bit is a reserved bit in the AT90S231 3 and always reads zero. 
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Bit 1 - TOVO : Timer/CounterO Overflow Flag: 

The bit TOVO is set (one) when an overflow occurs in Timer/CounterO. TOVO is cleared by hardware when executing the 
corresponding interrupt handling vector. Alternatively, TOVO is cleared by writing a logical one to the flag. When the SREG 
l-bit, and TOIE0 (Timer/CounterO Overflow Interrupt Enable), and TOVO are set (one), the Timer/CounterO Overflow inter- 
rupt is executed. 

Bit - Res : Reserved bit: 

This bit is a reserved bit in the AT90S2313 and always reads zero. 
EXTERNAL INTERRUPTS 

The external interrupts are triggered by the INT1 and INTO pins. Observe that, if enabled, the interrupts will trigger even if 
the INT0/INT1 pins are configured as outputs. This feature provides a way of generating a software interrupt. The external 
interrupts can be triggered by a falling or rising edge or a low level. This is set up as indicated in the specification for the 
MCU Control Register - MCUCR. When the external interrupt is enabled and is configured as level triggered, the interrupt 
will trigger as long as the pin is held low. 

The external interrupts are set up as described in the specification for the MCU Control Register - MCUCR. 
INTERRUPT RESPONSE TIME 

The interrupt execution response for all the enabled AVR interrupts is 4 clock cycles minimum. After the 4 clock cycles the 
program vector address for the actual interrupt handling routine is executed. During this 4 clock cycle period, the Program 
Counter (2 bytes) is pushed onto the Stack, and the Stack Pointer is decremented by 2. The vector is a relative jump to the 
interrupt routine, and this jump takes 2 clock cycles. If an interrupt occurs during execution of a multi-cycle instruction, this 
instruction is completed before the interrupt is served. 

A return from an interrupt handling routine takes 4 clock cycles. During these 4 clock cycles, the Program Counter (2 bytes) 
is popped back from the Stack, and the Stack Pointer is incremented by 2. When AVR exits from an interrupt, it will always 
return to the main program and execute one more instruction before any pending interrupt is served. 
Note that the Status Register - SREG - is not handled by the AVR hardware, neither for interrupts nor for subroutines. For 
the routines requiring a storage of the SREG, this must be performed by user software. 

THE MCU CONTROL REGISTER - MCUCR 

The MCU Control Register contains control bits for general MCU functions. 

Bit 7 6 5 4 3 2 1 

$35 ($55) | - | SE SM | ISC11 | ISC10 | ISC01 | ISCOO | MCUCR 

Read/Write R R R/W R/W R/W R/W R/W R/W 

Initial value 00000000 

Bits 7, 6 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read as zero. 
Bit 5 - SE : Sleep Enab le; 

The SE bit must be set (one) to make the MCU enter the sleep mode when the SLEEP instruction is executed. To avoid the 
MCU entering the sleep mode unless it is the programmers purpose, it is recommended to set the Sleep Enable SE bit just 
before the execution of the SLEEP instruction. 

B it 4 - SM : Sleep Mode: 

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle Mode is selected as Sleep Mode. 
When SM is set (one), Power Down mode is selected as sleep mode. For details, refer to the paragraph "Sleep Modes" 
below. 

Bits 3. 2 - ISC11, ISC10 : Interrupt Sense Control 1 bit 1 and bit 0: 

The External Interrupt 1 is activated by the external pin INT1 if the SREG l-flag and the corresponding interrupt mask in the 
GIMSK register is set. The level and edges on the external INT1 pin that activate the interrupt are defined in the following 
table: 



Table 4. Interrupt 1 Sense Control 



ISC11 


ISC10 


Description 








The low level of INT1 generates an interrupt request. 





1 


Reserved 


1 





The failing edge of INT1 generates an interrupt request. 


1 


1 


The rising edge of INT1 generates an interrupt request. 



Note: When changing the ISC1 1/ISC10 bits, INT1 must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 

Otherwise an interrupt can occur when the bits are changed. 



Bits 1.0- ISC01. ISC00 : Interrupt Sense Control bit 1 and bit 0: 

The External Interrupt is activated by the external pin INTO if the SREG l-flag and the corresponding interrupt mask is set. 
The level and edges on the external INTO pin that activate the interrupt are defined in the following table: 

Table 5.. Interrupt Sense Control 



iscoi 


ISCOO 


Description 








The low level of INTO generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INTO generates an interrupt request. 


1 


1 


The rising edge of INTO generates an interrupt request. 



Notes: When changing the ISC10/ISC00 bits, INTO must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 
Otherwise an interrupt can occur when the bits are changed. 

Sleep Modes 

To enter the sleep modes, the SE bit in MCUCR must be set (one) and a SLEEP instruction must be executed. If an 
enabled interrupt occurs while the MCU is in a steep mode, the MCU awakes, executes the interrupt routine, and resumes 
execution from the instruction following SLEEP. The contents of the register file, SRAM and I/O memory are unaltered. If a 
reset occurs during sleep mode, the MCU wakes up and executes from the Reset vector. 

Note that if a level triggered interrupt is used for wake-up from power down, the low level must be held for a time longer 
than the oscillator start-up time of 16 ms. Otherwise, the interrupt flag may return to zero before the MCU starts executing. 

IDLE MODE 

When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle Mode stopping the CPU but allowing 
Timer/Counters, Watchdog and the interrupt system to continue operating. This enables the MCU to wake up from external 
triggered interrupts as well as internal ones like Timer Overflow interrupt and watchdog reset. If wakeup from the Analog 
Comparator interrupt is not required, the analog comparator can be powered down by setting the ACD-bit in the Analog 
Comparator Control and Status register - ACSR. This will reduce power consumption during Idle Mode. 

POWER DOWN MODE 

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power Down Mode. In this mode, the external 
oscillator is stopped. The user can select whether the watchdog shall be enabled during power-down mode. If the watch- 
dog is enabled, it will wake up the MCU when the Watchdog Time-out period expires. If the watchdog is disabled, only an 
external reset or an external level triggered interrupt can wake up the MCU. 

Timer /Counters 

The AT90S2313 provides two general purpose Timer/Counters - one 8-bit T/C and one 16-bit T/C. The Timer/Counters 
have individual prescaling selection from the same 10-bit prescaling timer. Both Timer/Counters can either be used as a 
timer with an internal clock timebase or as a counter with an external pin connection which triggers the counting. 
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The Timer/Counter Prescaler 

Figure 29 shows the general Timer/Counter prescaler. 
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Figure 29. Timer/Counter Prescaler 

The four different prescaled selections are: CK/8, CK/64, CK/256 and CK/1024 where CK is the oscillator clock. For the 
two Timer/Counters, added selections as CK, external source and stop, can be selected as clock sources. 

The 8-Bit Timer/CounterO 

Figure 30 shows the block diagram for Timer/CounterO. 

The 8-bit Timer/CounterO can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/CounterO Control Register - TCCRO. The overflow status flag is found in the 
Timer/Counter Interrupt Flag Register - TIFR. Control signals are found in the Timer/CounterO Control Register - TCCRO. 
The interrupt enable/disable settings for Timer/CounterO are found in the Timer/Counter Interrupt Mask Register - TIMSK. 
When Timer/CounterO is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 
The 8-bit Timer/CounterO features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities make the Timer/CounterO useful for lower speed functions or exact timing 
functions with infrequent actions. 




Figure 30. Timer/Counter Block Diagram 
THE TIMER/COUNTER0 CONTROL REGISTER - TCCRO 

7 6 5 4 3 2 1 

l~T - I • I - l - 



Bit 

$33 ($53) 
Read/Write 
Initial value 



CS02 | CS01 | CSOO | TCCRO 



R/W 





R/W 




R/W 




Bits 7„3 - Res : R e served bits: 

These bits are reserved bits in the AT90S2313 and always read zero. 

Bits 2.1.0 - CS02. CS01. CSOO : Clock SelectO. bit 2.1 and 0: 

The Clock SelectO bits 2,1 and define the prescaling source of TimerO. 

Table 6. Clock Prescale Select 



CS02 


csoi 


CSOO 


Description 











Stop, the Timer/CounterO is stopped. 








1 


CK 





1 





CK/8 





1 


1 


CK/64 


1 








CK / 256 


1 





1 


CK/1024 


1 


1 





External Pin TO, falling edge 


1 


1 


1 


External Pin TO, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual data direction 
control register (cleared to zero gives an input pin). 
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THE TIMER COUNTER - TCNTO 

Bit 7 6 



$32 ($52) 



Read/Write FWVRMFVWFVWR/WR/WR/WR/W 
Initial value 00000000 



The Timer/CounterO is realized as an up-counter with read and write access. If the Timer/CounterO is written and a clock 
source is present, the Timer/CounterO continues counting in the timer clock cycle following the write operation. 

The 16-Bit Timer/Counterl 

Figure 31 shows the block diagram for Timer/Counterl . 
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Figure 31. Timer/Counterl Block Diagram 

The 16-bit Timer/Counterl can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/Counterl Control Register - TCCR1A. The different status flags (overflow, 
compare match and capture event) and control signals are found in the Timer/Counter Interrupt Flag Register - TIFR. The 
interrupt enable/disable settings for Timer/Counterl are found in the Timer/Counter Interrupt Mask Register - TIMSK. 



When Timer/CounteM is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 

The 16-bit Timer/CounteM features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities makes the Timer/CounteM useful for lower speed functions or exact timing 
functions with infrequent actions. 

The Timer/CounteM supports an Output Compare function using the Output Compare Register 1A - OCR1A as the data 
source to be compared to the Timer/CounteM contents. The Output Compare functions include optional clearing of the 
counter on compare matches, and actions on the Output Compare pin 1 on compare matches. 

Timer/CounteM can also be used as a 8, 9 or 10-bit Pulse With Modulator. In this mode the counter and the OCR1 register 
serve as a glitch-free stand-alone PWM with centered pulses. Refer to Page 3-38 for a detailed description on this function. 
The Input Capture function of Timer/CounteM provides a capture of the Timer/CounteM contents to the Input Capture Reg- 
ister - ICR1, triggered by an external event on the Input Capture Pin - ICP. The actual capture event settings are defined by 
the Timer/CounteM Control Register - TCCR1 . 

The Timer/CounteM input capture noise canceler block diagram is shown in Figure 32. 

XTAL dock 




Figure 32. The Input Capture Noise Canceler 

If the noise canceler function is enabled, the actual trigger condition for the capture event is monitored over 4 samples 
before the capture is activated. The input pin signal is sampled at XTAL clock frequency. 
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THE TIMER/COUNTER1 CONTROL REGISTER A - TCCR1A 



Bit 


7 


6 


5 


4 


3 


2 


1 





$2F ($4F) 


| COM1A1 


COM1A0 | 






I - 


- 


I PWM11 


PWM10 | 


Read/Write 


R/W 


FVW 


R 


R 


R 


R 


R/W 


RAV 


Initial value 



























Bits 7.6 - COM1 A1 . COM1 AO : Compare Output Model . bits 1 and 0: 

The COM1A1 and COM1A0 control bits determine any output pin action following a compare match in Timer/Counterl. 
Any output pin actions affect pin OC1 - Output Compare pin 1 . Since this is an alternative function to an I/O port, the corre- 
sponding direction control bit must be set (one) to control an output pin. The control configuration is shown in Table 7. 

Table 7. Compare 1 Mode Select 



COM1A1 


COM1A0 


Description 












Timer/Counterl disconnected from output pin OC1 









1 


Toggle the OC1 output line. 


1 





Clear the OC1 output line (to zero). 


1 


1 


Set the OC1 output line (to one). 




In PWM mode, these bits have a different function. Refer to Table 11 for a detailed description. 

When changing the COM1A1/COM1A0 bits, Output Compare Interrupt 1A must be disabled by clearing its Interrupt Enable 
bit in the TIMSK Register. Otherwise an interrupt can occur when the bits are changed. 

Bits 5 -2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read zero. 
Bits 1 ,0 - PWM1 1 , PWM 10 : Pulse Width Modulator Select Bits: 

These bits select PWM operation of Timer/Counterl as specified in Table 8 . This mode is described on Page 3-38. 
Table 8. PWM Mode Select 



PWM11 


PWM10 


Description 








PWM operation of Timer/Counterl is disabled 





1 


Timer/Counterl is an 8-bit PWM 


1 





Timer/Counterl is a 9-bit PWM 


1 


1 


Timer/Counterl is a 10-bit PWM 



THE TIMER/COUNTER1 CONTROL REGISTER B - TCCR1 B 



Bit 


7 


6 


5 


4 


3 


2 


1 





$2E ($4E) 


| ICNC1 


ICES1 






CTC1 


CS12 


CS11 


CS10 


Read/Write 


R/W 


R/W 


R 


R 


R/W 


R/W 


R/W 


R/W 


Initial value 



























Bit 7 - ICNC1 : Input Capturel Noise Canceler (4 CKs): 

When the ICNC1 bit is cleared (zero), the input capture trigger noise canceler function is disabled. The input capture is trig- 
gered at the first rising/falling edge sampled on the ICP - input capture pin - as specified. When the ICNC1 bit is set (one), 
four successive samples are measures on the ICP - input capture pin, and all samples must be high/low according to the 
input capture trigger specification in the ICES1 bit. The actual sampling frequency is the XTAL clock frequency. 



Bit 6 - ICES1 : Input Capturel Edge Select: 

While the ICES1 bit is cleared (zero), the Timer/CounteM contents are transferred to the Input Capture Register - ICR1 - on 
the falling edge of the input capture pin - ICP. While the ICES1 bit is set (one), the Timer/CounteM contents are transferred 
to the Input Capture Register - ICR1 - on the rising edge of the input capture pin - ICP. 

Bits 5. 4 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and always read zero. 
BK3-CTC1 : Clear Timer/CounteM on Compare match: 

When the CTC1 control bit is set (one), the Timer/CounteM is reset to $0000 in the clock cycle after a compare match. If 
the CTC1 control bit is cleared, the Timer/CounteM continues counting until it is stopped, cleared, wraps around (overflow) 
or changes direction. In PWM mode, this bit has no effect. 



Bits 2.1 .0 - CS1 2. CS11. CS10 : Clock Selectl . bit 2.1 and 0: 

The Clock Selectl bits 2,1 and define the prescaling source of Timer/CounteM . 

Table 9. Clock 1 Prescale Select 



CS12 


CS11 


CS10 


Description 











Stop, the Timer/CounteM is stopped. 








1 


CK 





1 





CK/8 





1 


1 


CK/64 


1 








CK / 256 


1 





1 


CK/1024 


1 


1 





External Pin T1, falling edge 


1 


1 


1 


External Pin T1, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual direction con- 
trol register (cleared to zero gives an input pin). 

THE TIMER/COUNTER1 - TCNT1H AND TCNT1L 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 




$2D ($40) 


MSB 
















TCNT1H 


$2C ($4C) 
















LSB 


TCNT1L 




7 


6 


5 


4 


3 


2 


1 







Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






Initial value 

























































This 16-bit register contains the prescaled value of the 16-bit Timer/CounteM. To ensure that both the high and low bytes 
are read and written simultaneously when the CPU accesses these registers, the access is performed using an 8-bit tem- 
porary register (TEMP). 
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• TCNT1 Timer/CounteM Write: 

When the CPU writes to the high byte TCNT1H, the written data is placed in the TEMP register. Next, when the CPU 
writes the low byte TCNT1 L, this byte of data is combined with the byte data in the TEMP register, and all 16 bits are 
written to the TCNT1 Timer/CounteM register simultaneously. Consequently, the high byte TCNT1 H must be accessed 
first for a full 16-bit register write operation. 

• TCNT1 Timer/CounteM Read: 

When the CPU reads the low byte TCNT1 L, the data of the low byte TCNT1L is sent to the CPU and the data of the 
high byte TCNT1H is placed in the TEMP register. When the CPU reads the data in the high byte TCNT1H, the CPU 
receives the data in the TEMP register. Consequently, the low byte TCNT1L must be accessed first for a full 16-bit reg- 
ister read operation. 

The Timer/Counterl is realized as an up or up/down (in PWM mode) counter with read and write access. If Timer/CounteM 
is written to and a clock source is selected, the Timer/Counterl continues counting in the timer clock cycle after it is preset 
with the written value. 

TIMER/COUNTER1 OUTPUT COMPARE REGISTER A - OCR1AH AND OCR1AL 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 




$2B ($4B) 


MSB 
















OCR1AH 


$2A ($4A) 
















LSB 


OCR1AL 




7 


6 


5 


4 


3 


2 


1 







Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 






R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 

























































The output compare register is a 16-bit read/write register. 

The Timer/Counterl Output Compare Register contains the data to be continuously compared with Timer/Counterl. 
Actions on compare matches are specified in the Timer/Counterl Control and Status register. 

Since the Output Compare Register - OCR1 A - is a 16-bit register, a temporary register TEMP is used when OCR1A is writ- 
ten to ensure that both bytes are updated simultaneously. When the CPU writes the high byte, OCR1AH, the data is tempo- 
rarily stored in the TEMP register. When the CPU writes the low byte, OCR1 AL, the TEMP register is simultaneously writ- 
ten to OCR1 AH. Consequently, the high byte OCR1AH must be written first for a full 16-bit register write operation. 

THE TIMER/COUNTER1 INPUT CAPTURE REGISTER - ICR1H AND ICR1L 



Bit 


15 


14 


13 


12 


11 


10 9 


8 


$25 ($45) 


MSB 












$24 ($44) 












LSB 



Read/Write 



ICR1H 
ICR1L 



The input capture register is a 16-bit read-only register. 

When the rising or falling edge (according to the input capture edge setting - ICES1) of the signal at the input capture pin - 
ICP - is detected, the current value of the Timer/Counterl is transferred to the Input Capture Register - ICR1 . At the same 
time, the input capture flag - ICF1 - is set (one). 

Since the Input Capture Register - ICR1 - is a 16-bit register, a temporary register TEMP is used when ICR1 is read to 
ensure that both bytes are read simultaneously. When the CPU reads the low byte ICR1L, the data is sent to the CPU and 
the data of the high byte ICR1H is placed in the TEMP register. When the CPU reads the data in the high byte ICR1H, the 
CPU receives the data in the TEMP register. Consequently, the low byte ICR1L must be accessed first for a full 16-bit reg- 
ister read operation. 
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TIMER/C0UNTER1 IN PWM MODE 

When the PWM mode is selected, Timer/Counter! and the Output Compare Registerl - OCR1A, form a 8, 9 or 10-bit, free- 
running, glitch-free and phase correct PWM with output on the PB3(OC1) pin. Timer/Counterl acts as an up/down counter, 
counting up from $0000 to TOP (see Table 10), when it turns and counts down again to zero before the cycle is repeated. 
When the counter value matches the contents of the 8, 9 or 1 least significant bits of OCR1 A, the PD1 (OC1 ) pin is set or 
cleared according to the settings of the COM1A1 and COM1A0 bits in the Timer/Counterl Control Register TCCR1. Refer 
to Table 1 1 for details. 

Table 10. Timer TOP Values and PWM Frequency 



PWM 
Resolution 


Timer TOP value 


Frequency 


8-bit 


$00FF (255) 


f TC ,/510 


9-bit 


$01FF(511) 


f TC1 /1022 


10-bit 


$03FF(1023) 


f TC1 /2046 


Table 11. Comparel Mode Select in PWM Mode 


COM1A1 


COM1A0 


Effect on OC1 








Not connected 





1 


Not connected 


1 





Cleared on compare match, upcounting. Set on compare match, downcounting (non-inverted PWM). 


1 


1 


Cleared on compare match, downcounting. Set on compare match, upcounting (inverted PWM). 



Note that in the PWM mode, the 10 least significant OCR1A bits, when written, are transferred to a temporary location. 
They are latched when Timer/Counterl reaches TOP. This prevents the occurrence of odd-length PWM pulses (glitches) in 
the event of an unsynchronized OCR1 A write. See Figure 33 for an example. 

Compare Value changes 




_n 



Synchronized OCR1 A Latch 

Compare Value changes 




Counter Value 
Compare Value 



1_ PWM Output OC1 



Counter Value 
Compare Value 

PWM Output OC1 



Unsynchronized OCR1A Latch N — Glitch 
Figure 33. Effects on Unsynchronized OCR1 Latching 
When OCR1A contains $0000 or TOP, the output OC1 is held low or high according to the settings of COM1A1 and 
COM1A0. This is shown in Table 12. 
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Table 12. PWM Outputs OCR = $0000 or TOP 



COM1A1 


COM 1 AO 


OCR1A 


Output OC1 


1 





S0000 


L 


1 





TOP 


H 


1 


1 


$0000 


H 


1 


1 


TOP 


L 



In PWM mode, the Timer Overflow Flagl , TOV1 , is set when the counter changes direction at $0000. Timer Overflow 
Interrupt operates exactly as in normal Timer/Counter mode, i.e. it is executed when TOV1 is set provided that Timer 
Overflow Interrupt and global interrupts are enabled. This does also apply to the Timer Output Comparel flag and inter- 
rupt. 

The Watchdog Timer 

The Watchdog Timer is clocked from a separate on-chip oscillator which runs at 1 MHz This is the typical value at V cc = 5V. 
See characterization data for typical values at other V cc levels. By controlling the Watchdog Timer prescaler, the Watchdog 
reset interval can be adjusted from 16 to 2048 ms. The WDR - Watchdog Reset - instruction resets the Watchdog Timer. 
Eight different clock cycle periods can be selected to determine the reset period. If the reset period expires without another 
Watchdog reset, the AT90S231 3 resets and executes from the reset vector. For timing details on the Watchdog reset, refer 
to Page 3-26. 

To prevent unintentional disabling of the watchdog, a special turn-off secuence must be followed when the watchdog is dis- 
abled. Refer to the description of the Watchdog Timer Control Regiter for details. 





MCI 

Figure 34. Watchdog Timer 
THE WATCHDOG TIMER CONTROL REGISTER - WDTCR 



Bit 




7 


6 


5 


4 


3 


2 


1 





$21 ($41) 


I 








| WDTTOE | 


WDE 


WDP2 


WDP1 


WDP0 | 


Read/Write 




R 


R 


R 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 





























Bits 7..5 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and will always read as zero. 
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Bit 4 - WDTOE : Watch Dog Turn-Off Enable: 

This bit must be set (one) when the WDE bit is cleared. Otherwise, the watchdog will not be disabled. Once set, hardware 
will clear this bit to zero after four clock cycles. Refer to the description of the WDE bit for a watchdog disable procedure. 

Bit 3 - WDE : Watch Dog Enable: 

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared (zero) the Watchdog Timer function 
is disabled. WDE can only be cleared if the WDTOE bit is set(one). To disable an enabled watchdog timer, the following 
procedure must be followed: 

1 . In the same operation, write a logical one to WDTOE and WDE. A logcal one must be written to WDE even though it is 
set to one before the disable operation starts. 

2. Within the next four clock cycles, write a logical to WDE. This disables the watchdog. 

Bits 2..Q - WOP?, WDP1, WDPQ : Watchdo g Timer Prescgler l a nd 0: 

The WDP2, WDP1 and WDPO bits determine the Watchdog Timer prescaling when the Watchdog Timer is enabled. The 
different prescaling values and their corresponding timeout periods are shown in Table 13. 

Table 13. Watch Dog Timer Prescale Select (Typical Values at V cc = 5.0V) 



WDP2 


WDP1 


WDPO 


Timeout Period 











16 ms 








1 


32 ms 





1 





64 ms 





1 


1 


128 ms 


1 








256 ms 


1 





1 


512 ms 


1 


1 





1 024 ms 


1 


1 


1 


2048 ms 



EEPROM Read/Write Access 

The EEPROM access registers are accessible in the I/O space. 

The write access time is in the range of 2.5 - 4ms, depending on the V cc voltages. A self-timing function, however, lets the 
user software detect when the next byte can be written. An EEPROM brown-out detection prevents writing to the EEPROM 
if V cc is below a certain level. 

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed. Refer to the description of 
the EEPROM Control Register for details on this. 

When the EEPROM is read or written, the CPU is halted for two clock cycles before the next instruction is executed. 
THE EEPROM ADDRESS REGISTER - EEAR 

Bit 7 6 5 4 3 2 1 

$1E($3E) | - | EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 | EEARO | EEAR 

Read/Write R R/W R/W R/W R/W R/W R/W R/W 

Initial value a O: 

Bit 7 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S2313 and will always read as zero. 
Bit 6..0 - EEAR6..0 : EEPROM Address: 

The EEPROM Address Register - EEAR6..0 - specifies the EEPROM address in the 128 bytes EEPROM space. The 
EEPROM data bytes are addressed linearly between and 127. 
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THE EEPROM DATA REGISTER - EEDR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$10 ($3D) 


MSB 














LSB | EEDR 


Read/Write 
Initial value 


R/W 



RAW 



R/W 



R/W 



R/W 



R/W 



R/W 



R/W 



Bit 7..0 - EEDR7..0 : EEPROM Data: 

For the EEPROM write operation, the EEDR register contains the data to be written to the EEPROM in the address given 
by the EEAR register. For the EEPROM read operation, the EEDR contains the data read out from the EEPROM at the 
address given by EEAR. 

THE EEPROM CONTROL REGISTER - EECR 

Bit 7 6 5 4 3 2 1 

$1C ($3C) - | - | - | EEMWE | EEWE | EERE | EECR 

Read/Write R R R R R R/W R/W R/W 

Initial value ' ' o' ' 6' ' ' ' 

Bit 7..3 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and will always read as zero. 
Bit 2 - EEMWE : EEPROM Master Write Enable: 

The EEMWE bit determines whether setting EEWE to one causes the EEPROM to be written. When EEMWE is set(one) 
setting EEWE will write data to the EEPROM at the selected address If EEMWE is zero, setting EEWE will have no effect. 
When EEMWE has been set (one) by software, hardware clears the bit to zero after four clock cycles. See the description 
of the EEWE bit for a EEPROM write procedure. 

Bit 1 - EEWE : EEPROM Write Enable: 

The EEPROM Write Enable Signal EEWE is the write strobe to the EEPROM. When address and data are correctly set up, 
the EEWE bit must be set to write the value into the EEPROM. The EEMWE bit must be set when the logical one is written 
to EEWE, otherwise no EEPROM write takes place. The following procedure should be followed when writing the 
EEPROM (the order of steps 2 and 3 is unessential): 

1. Wait until EEWE becomes zero. 

2. Write new EEPROM address to EEAR (optional) 

3. Write new EEPROM data to EEDR (optional) 

4. Write a logical one to the EEMWE bit in EECR 

5. Within four clock cycles after setting EEMWE, write a logical one to EEWE. 

When the write access time (typically 2.5 ms at V cc = 5V or 4 ms at V cc = 2.7V) has elapsed, the EEWE bit is cleared 
(zero) by hardware. The user software can poll this bit and wait for a zero before writing the next byte. When EEWE has 
been set, the CPU is halted for two cycles before the next instruction is executed. 

Bit - EERE : EEPROM Read Enable: 

The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address is set up in the 
EEAR register, the EERE bit must be set. When the EERE bit is cleared (zero) by hardware, requested data is found in the 
EEDR register. The EEPROM read access takes one instruction and there is no need to poll the EERE bit. When EERE 
has been set, the CPU is halted for two cycles before the next instruction is executed. 

The user should poll the EEWE bit before starting the read operation. If a write operation is in progress when new data or 
address is written to the EEPROM I/O registers, the write operation will be interrupted, and the result is undefined. 



The UART 

The AT90S2313 features a full duplex Universal Asynchronous Receiver and Transmitter (UART). The main features are: 

• Baud rate generator generates any baud rate 

• High baud rates at low XTAL frequencies 

• 8 or 9 bits data 

• Noise filtering 

• Overrun detection 

• Framing Error detection 

• False Start Bit detection 

• Three separate interrupts on TX Complete, TX Data Register Empty and RX Complete 
Data Transmission 

A block schematic of the UART transmitter is shown in Figure 35. 

Data transmission is initiated by writing the data to be transmitted to the UART I/O Data Register, UDR. Data is transferred 
from UDR to the Transmit shift register when: 

• A new character has been written to UDR after the stop bit from the previous character has been shifted out. The shift 
register is loaded immediately. 

• A new character has been written to UDR before the stop bit from the previous character has been shifted out. The shift 
register is loaded when the stop bit of the character currently being transmitted has been shifted out. 
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Figure 35. UART Transmitter 
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At this time the UDRE (UART Data Register Empty) bit in the UART Status Register, USR, is set. When this bit is set (one), 
the UART is ready to receive the next character. At the same time as the data is transferred from UDR to the 10(1 1 )-bit shift 
register, bit of the shift register is cleared (start bit) and bit 9 or 10 is set (stop bit). If 9 bit data word is selected (the CHR9 
bit in the UART Control Register, UCR is set), the TXB8 bit in UCR is transferred to bit 9 in the Transmit shift register. 
On the Baud Rate clock following the transfer operation to the shift register, the start bit is shifted out on the TXD pin. Then 
follows the data, LSB first. When the stop bit has been shifted out, the shift register is loaded if any new data has been writ- 
ten to the UDR during the transmission. During loading, UDRE is set. If there is no new data in the UDR register to send 
when the stop bit is shifted out, the UDRE flag will remain set until UDR is written again. When no new data has been writ- 
ten, and the stop bit has been present on TXD for one bit length, the TX Complete Flag, TXC, in USR is set. 

The TXEN bit in UCR enables the UART transmitter when set (one). By clearing this bit (zero), the PD1 pin can be used for 
general I/O. When TXEN is set, the UART Transmitter will be connected to the PD1 pin regardless of the setting of the 
DDD1 bit in DDRD. 



Data Reception 

Figure 36 shows a block diagram of the I 
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Figure 36. UART Receiver 



The receiver front-end logic samples the signal on the RXD pin at a frequency 1 6 times the baud rate. While the line is idle, 
one single sample of logical zero will be interpreted as the falling edge of a start bit, and the start bit detection sequence is 
initiated. Let sample 1 denote the first zero-sample. Following the 1 to O-transition, the receiver samples the RXD pin at 
samples 8, 9 and 10. If two or more of these three samples are found to be logical ones, the start bit is rejected as a noise 
spike and the receiver starts looking for the next 1 to O-transition. 

If however, a valid start bit is detected, sampling of the data bits following the start bit is performed. These bits are also 
sampled at samples 8, 9 and 10. The logical value found in at least two of the three samples is taken as the bit value. All 
bits are shifted into the transmitter shift register as they are sampled. Sampling of an incoming character is shown in Figure 
37. 

RXD ^ ^ t ^ 

\sTART Bit/ DO V D1 V D2 V D3 V ~ A V D5 V D6 V D7 / STOP BIT 

receiver \/ AAA AAAA/ 

sampling Minn Illi mi till i ■ I til I Ill i ■ i ■ i ■ til Ill mill itlti rt'iiiiiiiiitltl Ill 

Figure 37. Sampling Received Data 

When the stop bit enters the receiver, the majority of the three samples must be one to accept the stop bit. If two or more 
samples are logical zeros, the Framing Error (FE) flag in the UART Status Register (USR) is set. Before reading the UDR 
register, the user should always check the FE bit to detect Framing Errors. 

Whether or not a valid stop bit is detected at the end of a character reception cycle, the data is transferred to UDR and the 
RXC flag in USR is set. UDR is in fact two physically separate registers, one for transmitted data and one for received data. 
When UDR is read, the Receive Data register is accessed, and when UDR is written, the Transmit Data register is 
accessed. If 9 bit data word is selected (the CHR9 bit in the UART Control Register, UCR is set), the RXB8 bit in UCR is 
loaded with bit 9 in the Transmit shift register when data is transferred to UDR. 

If, after having received a character, the UDR register has not been read since the last receive, the OverRun (OR) flag in 
UCR is set. This means that the last data byte shifted into to the shift register could not be transferred to UDR and has been 
lost. The OR bit is buffered, and is updated when the valid data byte in UDR is read. Thus, the user should always check 
the OR bit after reading the UDR register in order to detect any overruns. 

By clearing the RXEN bit in the UCR register, the receiver is disabled. This means that the PDO pin can be used as a gen- 
eral I/O pin. When RXEN is set, the UART Receiver will be connected to the PDO pin regardless of the setting of the DDDO 



bit in DDRD. 



UART Control 

THE UART I/O DATA REGISTER - UDR 



Bit 


7 


6 


5 


4 


3 


2 


1 







$0C ($2C) 


MSB 














LSB 


I 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 





























UDR 



The UDR register is actually two physically separate registers sharing the same I/O address. When writing to the register, 
the UART Transmit Data register is written. When reading from UDR, the UART Receive Data register is read. 

THE UART STATUS REGISTER - USR 



Bit 




7 


6 


5 


4 


3 


2 


1 





SOB ($2B) 


I 


RXC 


TXC 


UDRE 


FE 


OR 






I 


Read/Write 




R 


R 


R 


R 


R 


R 


R 


R 


Initial value 










1 


















USR 



The USR register is a read-only register providing information on the UART 
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Bit 7 - RXC: UART Receive Complete: 

This bit is set (one) when a received character is transferred from the Receiver Shift register to UDR. The bit is set regard- 
less of any detected framing errors. When the RXCIE bit in UCR is set, the UART Receive Complete interrupt will be exe- 
cuted when RXC is set(one). RXC is cleared by reading UDR. When interrupt-driven data reception is used, the UART 
Receive Complete Interrupt routine must read UDR in order to clear RXC, otherwise a new interrupt will occur once the 
interrupt routine terminates. 

Bit 6 - TXC : UART Transmit Complete: 

This bit is set (one) when the entire character (including the stop bit) in the Transmit Shift register has been shifted out and 
no new data has been written to UDR. This flag is especially useful in half-duplex communications interfaces, where a 
transmitting application must enter receive mode and free the communications bus immediately after completing the trans- 
mission. 

When the TXCIE bit in UCR is set, setting of TXC causes the UART Transmit Complete interrupt to be executed. TXC is 
cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, the TXC bit is cleared 
(zero) by writing a logical one to the bit. 

Bit 5 - UDRE : UART Data Register Empty : 

This bit is set (one) when a character written to UDR is transferred to the Transmit shift register. Setting of this bit indicates 
that the transmitter is ready to receive a new character for transmission. 

When the UDRIE bit in UCR is set, the UART Transmit Complete interrupt to be executed as long as UDRE is set. UDRE is 
cleared by writing UDR. When interrupt-driven data transmittal is used, the UART Data Register Empty Interrupt routine 
must write UDR in order to clear UDRE, otherwise a new interrupt will occur once the interrupt routine terminates. 
UDRE is set (one) during reset to indicate that the transmitter is ready. 

Bit 4 - FE : Framing Error: 

This bit is set if a Framing Error condition is detected, i.e. when the stop bit of an incoming character is zero. 
The FE bit is cleared when the stop bit of received data is one. 

Bit 3 - OR : OverRun: 

This bit is set if an Overrun condition is detected, i.e. when a character already present in the UDR register is not read 
before the next character has been shifted into the Receiver Shift register. The OR bit is buffered, which means that it will 
be set once the valid data still in UDRE is read. 

The OR bit is cleared (zero) when data is received and transferred to UDR. 
Bits 2..0 - Res : Reserved bits; 

These bits are reserved bits in the AT90S2313 and will always read as zero. 
THE UART CONTROL REGISTER - UCR 



Bit 




7 


6 


5 


4 


3 


2 


1 





$0A ($2A) 


I 


RXCIE 


TXCIE 


UDRIE 


RXEN 


TXEN 


CHR9 


RXBS 


TXB8 | 


Read/Write 




ROT 


ROT 


ROT 


ROT 


ROT 


ROT 


R 


W 


Initial value 





























Bit 7 - RXCIE : RX Complete Interrupt Enable: 

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 6 ■ TXCIE : TX Complete Interrupt Enable: 

When this bit is set (one), a setting of the TXC bit in USR will cause the Transmit Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 5 - UDRIE : UART Data Register Empty Interrupt Enable: 

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data Register Empty interrupt routine to be 
executed provided that global interrupts are enabled. 



iMHEIr 
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Bit 4 - RXEN : Receiver Enable: 

This bit enables the UART receiver when set (one). When the receiver is disabled, the TXC, OR and FE status flags cannot 
become set. If these flags are set, turning off RXEN does not cause them to be cleared. 

Bit 3 - TXEN : Transmitter Enable: 

This bit enables the UART transmitter when set (one). When disabling the transmitter while transmitting a character, the 
transmitter is not disabled before the character in the shift register plus any following character in UDR has been com- 
pletely transmitted.. 

Bit 2 - CHR9 : 9 Bit Characters: 

When this bit is set (one) transmitted and received characters are 9 bit long plus start and stop bits. The 9th bit is read and 
written by using the RXB8 and TXB8 bits in UCR, respectively. The 9th data bit can be used as an extra stop bit or a parity 
bit. 

■ 

Bit 1-RXB8: Receive Data Bit 8 

When CHR9 is set (one), RXB8 is the 9th data bit of the received character. 
Bit - TXB8 : Transmit Data Bit 8 

When CHR9 is set (one), TXB8 is the 9th data bit in the character to be transmitted. 
THE BAUD RATE GENERATOR 

The baud rate generator is a frequency divider which generates baud-rates according to the following equation: 

BAUD = /CK 



16(UBRR+ 1) 

• BAUD = Baud-Rate 

• f CK = Crystal Clock frequency 

• UBRR = Contents of the UART Baud Rate register, UBRR (0-255) 

For standard crystal frequencies, the most commonly used baud rates can be generated by using the UBRR settings in 
Table 14. UBRR values which yield an actual baud rate differing less than 2% from the target baud rate, are bolded in the 
table. 



i 
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Table 14. UBRR Settings at Various Crystal Frequencies 



Baud Rate 


1 


MHz 


% Error 


1.8432 MHz 


% Error 


2 MHz 


%Error 


2.4576 MHz 


%Error 


2400 


UBRR= 


25 


0.2 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


63 


0.0 


4800 


UBRR= 


12 


0.2 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


31 


0.0 


9600 


UBRR= 


6 


7.5 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


15 


0.0 


14400 


UBRR= 


3 


7.8 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


10 


3.1 


19200 


UBRR= 


2 


7.8 


UBRR= 


5 


0.0 


UBRR= 


6 


7.5 


UBRR= 


7 


0.0 


28800 


UBRR= 


1 


7.8 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


6.3 


57600 


UBRR= 





7.8 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


12.5 


115200 


UBRR= 





84.3 


UBRR= 





0.0 


UBRR= 





7.8 


UBRR= 





25.0 



Baud Rate 


3.2768 MHz 


%Error 


3.6864 MHz 


% Error 


4 MHz 


% Error 


4.608 MHz 


% Error 


2400 


UBRR= 


84 


0.4 


UBRR= 


95 


0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


4800 


UBRR= 


42 


0.8 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


9600 


UBRR= 


20 


1.6 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


14400 


UBRR= 


13 


1.6 


UBRR= 


15 


0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


19200 


UBRR= 


10 


3.1 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


14 


0.0 


28800 


UBRR= 


6 


1.6 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


57600 


UBRR= 


3 


12.5 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


115200 


UBRR= 


1 


12.5 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


20.0 



Baud Rate 


7.3728 MHz 


% Error 


8 MHz 


% Error 


9.216 MHz 


%Error 


11.059 MHz 


% Error 


2400 


UBRR= 


191 


0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


287 




4800 


UBRR= 


95 


0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


143 


0.0 


9600 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


71 


0.0 


14400 


UBRR= 


31 


0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


47 


0.0 


19200 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


UBRR= 


35 


0.0 


28800 


UBRR= 


15 


0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


23 


0.0 


57600 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


UBRR= 


11 


0.0 


115200 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


UBRR= 


5 


0.0 



Baud Rate 


14.746 MHz 


%Error 


16 MHz 


% Error 


18.432 MHz 


%Error 


20 MHz 


% Error 


2400 


UBRR= 


383 




UBRR= 


416 




UBRR= 


479 




UBRR= 


520 




4800 


UBRR= 


191 


0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


259 




9600 


UBRR= 


95 


0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


129 


0.2 


14400 


UBRR= 


63 


0.0 


UBRR= 


68 


0.6 


UBRR= 


79 


0.0 


UBRR= 


86 


0.2 


19200 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


64 


0.2 


28800 


UBRR= 


31 


0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


42 


0.9 


57600 


UBRR= 


15 


0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


21 


1.4 


115200 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


UBRR= 


10 


1.4 



THE UART BAUD RATE REGISTER - UBRR 



Bit 

$09 ($29) 
Read/Write 
Initial value 



MSB 



R/W 





R/W 




R/W 




R/W 




R/W 




R/W 




R/W 




I LSB J UBRR 



The UBRR register is an 8-bit read/write register which specifies the UART Baud Rate according to the formula on the pre- 
vious page. 



The Analog Comparator 

The analog comparator compares the input values on the positive pin AINO (PBO) and the negative pin PB1(AIN1). When 
the voltage on the positive pin PBO (AINO) is higher than the voltage on the negative PB1 (AIN1), the Analog Comparator 
Output, ACO is set (one). The comparator's output can be set to trigger the Timer/CounteM Input Capture function. In addi- 
tion, the comparator can trigger a separate interrupt, exclusive to the Analog Comparator. The user can select Interrupt trig- 
gering on comparator output rise, fall or toggle. A block diagram of the comparator and its surrounding logic is shown in 
Figure 38. 

VCC 




ID- 



ANALOG 

COMPARATOR 

IRQ 



-*■ ACI 



ACIC 



TO T/C1 CAPTURE 
TRIGGER MUX 



Figure 38. Analog Comparator Block Diagram 



THE ANALOG COMPARATOR CONTROL AND STATUS REGISTER - ACSR 



Bit 




7 


6 


5 


4 


3 


2 


1 





$08 ($28) 


I 


ACD 




ACO 


ACI 


ACIE 


ACIC 


ACIS1 


ACISO | 


Read/Write 




R/W 


R 


R 


WW 


R/W 


R/W 


R/W 


R/W 


Initial value 





























] ACSR 



Bit 7 - ACP ; Analog Comparator Disable 

When this bit is set (one), the power to the analog comparator is switched off. This bit can be set at any time to turn off the 
analog comparator. It is most commonly used if power consumption during Idle Mode is critical, and wake-up from the ana- 
log comparator is not required. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing 
the ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed. 

Bit 6 -Res: Reserved bit; 

This bit is a reserved bit in the AT90S2313 and will always read as zero. 

Bit 5 - ACQ ; Analog Comparator Output; 

ACO is directly connected to the comparator output. 

Bit 4 - ACI : Analog Comparator Interrupt Flag : 

This bit is set (one) when a comparator output event triggers the interrupt mode defined by ACIS1 and ACISO. The Analog 
Comparator Interrupt routine is executed if the ACIE bit is set (one) and the l-bit in SREG is set (one). ACI is cleared by 
hardware when executing the corresponding interrupt handling vector. Alternatively, ACI is cleared by writing a logic one to 
the flag. 
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Bit 3 - ACIE : Analog Comparator Interrupt Enable: 

When the ACIE bit is set (one) and the l-bit in the Status Register is set (one), the analog comparator interrupt is activated. 
When cleared (zero), the interrupt is disabled. 

Bit 2 - ACIC : Analog Comparator Input Capture enable: 

When set (one), this bit enables the Input Capture function in Timer/Counterl to be triggered by the analog comparator. 
The comparator output is in this case directly connected to the Input Capture front-end logic, making the comparator utilize 
the noise canceler and edge select features of the Timer/Counterl Input Capture interrupt. When cleared (zero), no con- 
nection between the analog comparator and the Input Capture function is given. To make the comparator trigger the Timer/ 
Counter! Input Capture interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one). 



Bits 1.0 - ACIS1. ACISO : Analog Comparator Interrupt Mode Select: 

These bits determine which comparator events that trigger the Analog Comparator interrupt. The different settings are 
shown in Table 15. 

Table 15. ACIS1 /ACISO Settings 




ACIS1 


ACISO 


Interrupt Mode 








Comparator Interrupt on Output Toggle 





1 


Reserved 


1 





Comparator Interrupt on Falling Output Edge 


1 


1 


Comparator Interrupt on Rising Output Edge 



Note: When changing the ACIS1 /ACISO bits, The Analog Comparator Interrupt must be disabled by clearing its Interrupt 
Enable bit in the ACSR register. Otherwise an interrupt can occur when the bits are changed. 



I/O-Ports 
Port B 

Port B is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port B, one each for the Data Register - PORTB, $18 ($38), 
Data Direction Register - DDRB, $17($37) and the Port B Input Pins - PINB, $16($36). The Port B Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The Port B output buffers can sink 20mA and thus drive LED displays 
directly. When pins PBO to PB7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 
The Port B pins with alternate functions i 
Table 16. Port B Pins Alternate Functions 



Port Pin 


Alternate Functions 




PBO 


AINO (Analog comparator positive input) 


PB1 


AIN1 (Analog comparator negative input) 


PB3 


OC1 (Timer/Counterl Output compare match output) 


PB5 


MOSI (Data input line for memory downloading) 


PB6 


MISO (Data output line for memory uploading) 


PB7 


SCK (Serial clock input) 


When the pins are used for the alternate function the DDRB and PORTB registe 
function description. 


r has to be set according to the alternate 
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THE PORT B DATA REGISTER - PORTB 



Bit 

$18 ($38) 



6 



P0RTB7 



PORTB6 



PORTB5 

RAV 



P0RTB4 



Read/Write RAW RAV 

Initial value 

THE PORT B DATA DIRECTION REGISTER - DDRB 



RAV 





RAV 




RAV 




Bit 

$17 ($37) 
Read/Write 
Initial value 



DDB7 



DDB6 



r/w 





RAV 





DDB5 DDB4 



DDB3 



DDB2 



RAV 





RAV 





RAV 




RAV 




THE PORT B INPUT PINS ADDRESS - PINB 



Bit 

$16 ($36) 
Read/Write 
Initial value 



R 
Hi-Z 



R 
Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



R/W 




PORTB0 I PORTB 



DDB1 I 



R/W 




R 
Hi-Z 



RAV 




RAV 

i 



R 

Hi-Z 



The Port B Input Pins address - PINB - is not a register, and this address enables access to the physical value on each Port 
B pin. When reading PORTB, the PORTB Data Latch is read, and when reading PINB, the logical values present on the 
pins are read. 

PORTB AS GENERAL DIGITAL I/O 

All 8 bits in port B are equal when used as digital I/O pins. 

PBn, General I/O pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con- 
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTBn has to be 
cleared (zero) or the pin has to be configured as an output pin. 



Table 17. DDBn Effects on Port B Pins 



DDBn 


PORTBn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PBn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTB 

The alternate pin functions of Port B are 



SCK - PORTB, Bit 7: 

SCK , Clock input pin for Memory up/downloading. 



MISO, Data output pin for Memory uploading. 
MOSI - PORTB, Bit 5; 

MOSI , Data input pin for Memory downloading. 
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OC1 - PORTB. Bit 3: 

OC1, Output compare match output: The PB3 pin can serve as an external output when timer 1 compare match. The PB3 
pin has to be configured as an output (DDB3 is set (one)) to serve this function. See the timer description for further details, 
and how to enable the output. 

AIN1 - PORTB. Bit 1 : 

AIN1, Analog Comparator Negative Input. When configured as an input (DDB1 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB1 is cleared (zero)), this pin also serves as the negative input of the on-chip analog compar- 
ator. 



AINQ- PORTB, Bit Q: 

AINO, Analog Comparator Positive Input. When configured as an input (DDBO is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PBO is cleared (zero)), this pin also serves as the positive input of the on-chip analog compar- 
ator. 

PORTB SCHEMATICS 

Note that all port pins are synchronized. The synchronization 



however, not shown in the figures. 



i— 



_ 



RESET 

_L_ 



RESET 




— 



WP: WRITE PORTB 

WD: WRITE DDRB 

RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RD: READ DDRB 

n: 0. 1 




Figure 39. PORTB Schematic Diagram (pins PBO and PB1) 



illlflEL 



MOS 
PULL- 
UP 



<3 




WP: WRITE PORTD 

WD: WRITE DDRD 

RL: READ PORTD LATCH 

RP: READ PORTD PIN 

RD: READ DDR 



4> 



<2 



RESET 

_L_ 



c 



- COM1A0 

- COM1A1 



- COMP MATCH 1 



Fig 



. PORTB Schematic Diagram Pin PB4 



0- 



<r 



WP: WRITE PORTB 

WD: WRITE DDR6 

RL: READ PORT 

RP: READ P 



RESET 

_L_ 



Figure 41. PORTB Schematic Diagram, Pins PB2 and PB3 
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p — 



WP; WRITE PORTB 
WD; WRITE DDRB 
RL: READ PORTB LATCH 
RP; READ PORTB PiN 
RD: READ DDRB 
SPIEN: SPl ENABLE 



- SPIMOSI 

- SPIEN 



Figure 42. PORTB Schematic Diagram Pin PB5 




WP: WRITE PORTB 
WD: WRITE DDRB 
RL: READ PORTB LATCH 
RP: READ PORTB PIN 
RD: READ DDRB 
SPIEN: SPl ENABLE 



Figure 43. PORTB Schematic Diagram, Pin PB6 




WP: WRITE PORTB 
WD: WRtTE DDRB 
RL: READ PORTB LATCH 
RP: READ PORTB PIN 
RD: READ DDRB 
SPIEN: SPI ENABLE 



Figure 44. PORTB Schematic Diagram, Pin PB7 

Port D 

Three data memory address locations are allocated for the Port D, one each for the Data Register - PORTD, $12($32), 
Data Direction Register - DDRD, $11 ($31) and the Port D Input Pins - PIND, $10($30). The Port D Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

Port D has seven bi-directional I/O pins with internal pullups, PD6..PD0. The Port D output buffers can sink 20 mA. As 
inputs, Port D pins that are externally pulled low will source current (l IL ) if the pullups are activated. 

Some Port D pins have alternate functions as shown in the following table: 
Table 18. Port D Pins Alternate Functions 



Port Pin 


Alternate Function 


PDO 


RXD (Receive data input for the UART) 


PD1 


TXD (Transmit data output for the UART) 


PD2 


INTO (External interrupt input) 


PD3 


INT1 (External interrupt 1 input) 


PD4 


TO (Timer/CounterO external input) 


PD5 


T1 (Timer/Counterl external input) 


PD6 


ICP (Timer/Counterl Input Capture pin) 



When the pins are used for the alternate function the DDRD and PORTD register has to be set according to the alternate 
function description. 
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THE PORT 


D DATA REGISTER - 


PORTD 












Bit 


7 


6 


5 






2 1 






$12 ($32) 


I 


| PORTD6 


I PORTD5 


PORTD4 


PORTD3 | PORTD2 | PORTD1 


PORTD0 


| PORTD 


Read/Write 


R 


RAN 


M RAW ' 


RAW 


R/W 


R/W R/W 


RAW 




Initial value 

























THE PORT 


D DATA DIRECTION REGISTER - 


DDRB 










Bi! 


7 


6 


5 


4 


3 


2 1 







$11 ($31) 


I 


DDD6 


DDDS 


DDD4 


DDDS 


DDD2 DDD1 


DDDO 


| DDRD 


Read/Write 


R 


RAW 


R/W 


RAW 


R/W 


R/W R/W 


RAW 




Initial value 

























THE PORT 


D INPUT PINS ADDRESS 












Bit 


7 


6 


5 


4 


3 


2 1 







$10 ($30) 


I 


PIND6 


PINDS 


PIND4 


PIND3 


PIND2 | PIND1 


PINDO 


I PIND 


Read/Write 
Initial value 


R 




R 

Hi-Z 


Hi-Z 


R 

Hi-Z 


R 
Hi-Z 


R R 
Hi-Z Hi-Z 


R 

Hi-Z 





The Port D Input Pins address - PIND - is not a register, and this address enables access to the physical value on each 
Port D pin. When reading PORTD, the PORTD Data Latch is read, and when reading PIND, the logical values present on 
the pins are read. 

PORTD AS GENERAL DIGITAL I/O 

PDn, General I/O pin: The DDDn bit in the DDRD register selects the direction of this pin. If DDDn is set (one), PDn is con- 
figured as an output pin. If DDDn is cleared (zero), PDn is configured as an input pin. If PORTDn is set (one) when config- 
ured as an input pin the MOS pull up resistor is activated. To switch the pull up resistor off the PORTDn has to be cleared 
(zero) or the pin has to be configured as an output pin. 



Table 19. DDDn Bits on Port D Pins 



DDDn 


PORTDn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PDn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 6...0, pin number. 

ALTERNATE FUNCTIONS OF PORTD 

The alternate functions of Port D are: 



ICP - PORTD. Bit 6: 

Timer/CounteM Input Capture pin. See the Timer/CounteM description for further details. 
T1 - PQRTD. Bit 5: 

T1 , Timer 1 clock source. See the timer description for further details. 
T O ■ PORTD. Bit 4: 

TO, Timer/CounterO clock source. See the Timer description for further details. 
INT1 - PORTD. Bit 3: 

INT1, External Interrupt source 1. The PD3 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 



INTO - PORTD, Bit 2: 

INTO, External Interrupt source 0. The PD2 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 



TXD- PORTD. Bit 1: 

Transmit Data (Data output pin for the UART). When the UART transmitter is enabled, this pin is configured as an output 
regardless of the value of DDRD1. 



RXD - PORTD. Bit 0: 

Receive Data (Data input pin for the UART). When the UART receiver is enabled this pin is configured as an output regard- 
less of the value of DDRDO. When the UART forces this pin to be an input, a logical one in PORTD0 vill turn on the internal 
pull-up. 

PORTD SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 




WP: WRITE PORTD 

WD: WRITE DDRD 

RL READ PORTD LATCH 

RP: READ PORTD PIN 

RD: READ DDRD 

RXD: UART RECEIVE DATA 

RXEN: UART RECEIVE ENABLE 



RO 



Q D 
ODDO 

O 



Q D 
PORTDO 



RXEN 
RXD 



Figure 45. PORTD Schematic Diagram (Pin PDO) 
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WRITE PORTD 
WRITE DDRD 
READ PORTD LATCH 
READ PORTD PIN 
READ DDRD 
TXD; UART TRANSMIT DATA 
TXEN: UART TRANSMIT ENABLE 



Figure 46. PORTD Schematic Diagram, Pin PD1 




WP: WRITE PORTD 

WD: WRITE DDRD 

RL: READ PORTD LATCH: 

RP: READ PORTD PIN: 

RD: READ DDRO 

n: 2.3 

m: 0. 1 



ISCml ISCmO 



Figure 47. PORTD Schematic Diagram (Pins PD2 and PD3) 
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DDDn 
C 



RESET 

_L_ 



PORTDn 

C 

-r- 



WP: WRITE PORTD 
WD: WRITE DDRD 

READ PORTD LATCH 



SENSE CONTROL 



READ P 
READ 



T 



CSml CSmO 



Figure 48. PORTD Schematic Diagram (Pins PD4 and PD5) 

i-!> — <^ 



RD 

-ti- 

RESET 

1 

R D 


1 i 


DDD6 
C 

1 — t — ' 

WD 


- 


RESET 

1 

O " D 


DATA E 




WP: WRITE PORTD 

WD; WRITE DDRD 

RL: READ PORTD LATCH 

RP: READ PORTD PIN 

RD; READ DDRD 

ACIC: COMPARATOR IC ENABLE 

ACO: COMPARATOR OUTPUT 



TTD Schematic Diagram (Pin PD6) 
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Memory Programming 
Program Memory Lock Bits 

The AT90S2313 MCU provides two lock bits which can be left u (programmed ('1') or can be programmed ('0') to obtain the 
additional features listed in Table 20. 

Table 20. Lock Bit Protection Modes 



Program Lock Bits 


Protection Type 


Mode 


LB1 


LB2 


1 


1 


1 


No program lock features 


2 





1 


Further programming of the Flash is disabled 


3 








Same as mode 2, but verify is also disabled. 



Note: 



The Lock Bits can only be erased with the Chip Erase operation. 



Fuse Bits 

The AT90S2313 has two fuse bits, SPIEN and FSTRT. 

• When SPIEN is programmed ('0'), Serial Program Downloading is enabled. Default value is programmed ('0'). 

• When FSTRT is programmed ('0'), the short start-up time is selected. Default value is unprogrammed ('1 '). Parts with this 
bit pre-programmed ('0') can be delivered on demand. See 

These bits are not accessible in Serial Programming Mode and are not affected by a chip erase. 

Signature Bytes 

All Atmel microcontrollers have a three-byte signature code which identifies the device. This code can be read in both serial 
and parallel mode. The three bytes reside in a separate address space, and for the AT90S2313 they are: 

1 . $000: $1 E (indicates manufactured by Atmel) 

2. $001: $91 (indicates 2 kB Flash memory) 

3. $002: $01 (indicates 90S231 3 device when $001 is $90) 

Programming the Flash and EEPROM 

Atmel's AT90S2313 offers 2K bytes of in-system reprogrammable Flash Program memory and 128 bytes of EEPROM Data 
memory. 

The AT90S2313 is normally shipped with the on-chip Flash Program and EEPROM Data memory arrays in the erased 
state (i.e. contents = $FF) and ready to be programmed. This device supports a High-Voltage (12V) Parallel programming 
mode and a Low-Voltage Serial programming mode. The +12V is used for programming enable only, and no current of sig- 
nificance is drawn by this pin. The serial programming mode provides a convenient way to download the Program and Data 
into the AT90S2313 inside the user's system. 

The Program and EEPROM memory arrays in the AT90S2313 are programmed byte-by-byte in either programming 
modes. For the EEPROM, an auto-erase cycle is provided with the self-timed programming operation in the serial program- 
ming mode. 
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Parallel Programming 

This section describes how to parallel program and verify Flash Program memory, EEPROM Data memory + Program 



Memory Lock bits and Fuse bits in the AT90S2313 



AT90S2313 



+5V 



+12V • 
RDY/BSY ' 
OE ' 
WR ' 
BS ■ 
XAO 
XA1 
I I ' 



RESET 


VCC 




PD1 


PBO-7 


■* — »■ DATA 


PD2 






PD3 






PD4 






PD5 






PD6 






XTAL1 






GND 







Figure 50. Parallel Programming 

SIGNAL NAMES 

In this section, some pins of the AT90S2313 are referenced by signal names describing their functionality during parallel 
programming rather than their pin names. Pins not described in the following table are referenced by pin names. 

Table 21. Pin Name Mapping 



Signal Name In 
Programming Mode 


Pin Name 


I/O 


Function 


RDY/BSY 


PD1 


o 


0: Device is busy programming, 1 : Device is ready for new command 


OE 


PD2 


I 


Output Enable (Active Low) 


WR 


PD3 


I 




Write Pulse (Active Low) 





BS 


PD4 




Byte Select 


XAO 


PD5 


I 


XTAL Action Bit 


XA1 

' ' 


PD6 


I 

1 


XTAL Action Bit 1 

1 



The XA1/XA0 bits determine the action taken when the XTAL1 pin is given a positive pulse. The bit settings are shown in 
the following table: 

Table 22. XA1 and XAO Coding 



XA1 


XAO 


Action when XTAL1 is Pulsed 








Load Flash or EEPROM Address (High or Low address byte for Flash determined by BS) 





1 


Load Data (High or Low data byte for Flash determined by BS) 


1 





Load Command 


1 


1 


No Action, Idle 



When pulsing WR or OE, the command loaded determines the action on input or output. The command is a byte where the 
different bits are assigned functions as shown in the following table: 
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Table 23. Command Byte Bit Coding 



Bit# 


Meaning when Set 


7 


Chip Erase 


6 


Write Fuse Bits. Located in the data byte at the following bit positions: 

D5: SPIEN Fuse, DO: FSTRT Fuse (Note: Write '0' to program, 'V to erase) 


5 


Write Lock Bits. Located in the data byte at the following bit positions: 
D1: LB1, DO: LB2 (Note: write 0' to program) 


4 


Write Flash or EEPROM (determined by bit 0) 


3 


Read signature row 


2 


Read Lock and Fuse Bits. Located in the data byte at the following bits positions: 
D7:LB1, D6: LB2, D5: SPIEN Fuse, DO: FSTRT Fuse (Note: '0' means programmed) 


1 


Read from Flash or EEPROM (determined by bit 0) 





: Flash Access, 1 : EEPROM Access 



ENTER PROGRAMMING MODE 

The following algorithm puts the device in parallel programming mode: 

1 . Apply 4.5 - 5.5 V between VCC and GND. 

2. Set RESET and BS pins to '0' and wait at least 100 ns. 

3. Apply 12V to RESET and wait at least 100 ns before changing BS. 
CHIP ERASE 

The chip erase will erase the Flash and EEPROM memories plus Lock bits. The lock bits are not reset until the program 
memory has been completely erased. The Fuse bits are not changed. A chip erase must be performed before the chip is 
programmed. 

Load Command "Chip Erase" 

1. Set XA1, XA0 to '10'. This enables command loading. 

2. Set BS to '0'. 

3. Set PB(7:0) to '1000 0000'. This is the command for Chip erase. 

4. Give XTAL1 a positive pulse. This loads the command, and starts the erase of the Flash and EEPROM arrays. After 
pulsing XTAL1 , give WR a negative pulse to enable lock bit erase at the end of the erase cycle, then wait for at least 1 
ms. Chip erase does not generate any activity on the RDY/B5Y pin. 

PROGRAMMING THE FLASH 

Load Command "Program Flash" 

1. Set XA1, XA0 to '10'. This enables command loading. 

2. Set BS to '0' 

3. Set PB(7:0) to '0001 0000'. This is the command for Flash programming. 

4. Give XTAL1 a positive pulse. This loads the command. 
Load Address Low byte 

1 . Set XA1 , XA0 to '00'. This enables address loading. 

2. Set BS to '0'. This selects Low address. 

3. Set PB(7:0) = Address Low byte ($00 - $FF) 

4. Give XTAL1 a positive pulse. This loads the Address Low byte. 
Load Address High byte 

1. Set XA1, XA0 to '00'. This enables address loading. 

2. Set BS to T. This selects High address. 

3. Set PB(7:0) = Address High byte ($00 - $03) 

4. Give XTAL1 a positive pulse. This loads the Address High byte. 



Load Data byte 

1 . Set XA1 , XAO to '01 '. This enables data loading. 

2. Set PB(7:0) = Data Low byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 
Write Data Low byte 

1 . Set BS to ('0'). 

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY goes low. 

3. Wait until RDY/BSY goes high to program the next byte. 

Load Data byte 

1 . Set XA1 , XAO to '01 '. This enables data loading. 

2. Set PB(7:0) = Data High byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 
Write Data High byte 

LSetBS to '1'. 

2. Give WR a negative pulse. This starts programming of the data byte. RDY / BSY goes low. 

3. Wait until RDY / BSY goes high to program the next byte. 

The loaded command and address are retained in the device during programming. To simplify programming, the following 
should be considered. 

• The command for Flash programming needs only be loaded before programming of the first byte. 

• Address High byte needs only be loaded before programming a new 256 word page in the Flash. 



PB7 X *10 ^ ) ^~ADDR. LOW ADDR. HIGH ^) ^ DATA LOW ~~ 

XA1 / \ 

XAO / \ 




OE 

Figure 51. Programming Flash Low Byte 
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PB7 ^ X ^ DATA HIGH X ~ 



XA1 . 
XAO . 
BS . 
XTAL1 . 
WR 
RDY/BSY 







RESET 12V 




Programming Flash High Byte 



- 

for details on Command, Address 



PROGRAMMING THE EEPROM 

The programming algorithm for the EEPROM data memory is as follows (refer to Flash Programming for details on Com- 
mand, Address and Data loading): 

1. Load Command '0001 0001'. 

2. Load EEPROM Address ($00 - $7F) 

3. Load EEPROM Data ($00 - $FF) 

4. Give WR a negative pulse and wait for RDY/BSY to go high. 

The Command needs only be loaded before programming the first byte. 
READING THE FLASH 

The algorithm for reading the Flash memory is as 
and Data loading): 

1. Load Command '0000 0010'. 

2. Load Low Address ($00 - $FF) 

3. Load High Address ($00 - $03) 

4. Set OE to '0', and BS to '0'. The Low Data byte can now be read at PB(7:0) 

5. Set BS to T. The High Data byte can now be read from PB(7:0) 

6. SetOEto T. 



The Command needs only be loaded befi 
READING THE EEPROM 

The algorithm for reading the EEPROM memory is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 001 T. 

2. Load EEPROM Address ($00 - $7F) 

3. Set OE to '0', and BS to '0'. The EEPROM Data byte can now be read at PB(7:0) 

4. SetOEto T. 

The Command needs only be loaded before reading the first byte. 



J-D>5 



PROGRAMMING THE FUSE BITS 

The algorithm for programming the Fuse bit is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0100 0000'. 

2. Load Data. 

Bit 5 = '0' programs the SPIEN Fuse bit. Bit 5 = '1' erases the SPIEN Fuse bit. 
Bit = '0' programs the FSTRT fuse bit. Bit 5 = 'V erases the FSTRT fuse bit. 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
IMPORTANT! WR must be held down for at least 1 ms. 

PROGRAMMING THE LOCK BITS 

The algorithm for programming the Lock bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0010 0000'. 

2. Load Data. 

Bit 2 = '0' programs Lock Bit2 
Bit 1 = '0' programs Lock Bitl 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
The lock bits can only be cleared by executing a chip erase. 
READING THE FUSE AND LOCK BITS 

The algorithm for reading the Fuse and Lock bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 0100'. 

2. Set OE to '0', and BS to '1 '. The Status of Fuse and Lock bits can now be read at PB(7:0) 
Bit 7: Lock Bit1 ('0' means programmed) 

Bit 6: Lock Bit2 ('0' means programmed) 

Bit 5: SPIEN Fuse ('0' means programmed, 'V means erased) 

Bit 0: FSTRT Fuse ('0' means programmed, T means erased) 

3. SetOEto T. 

Observe especially that BS needs to be set to T. 
READING THE SIGNATURE BYTES 

The algorithm for reading the Signature Bytes bits is as follows (refer to Flash Programming for details on Command, Ad- 
dress and Data loading): 

1. Load Command '0000 1000'. 

2. Load Low address ($00 - $02) 

Set OE to '0', and BS to '0'. The Selected Signature byte can now be read at PB(7:0) 

3. SetOEto T. 

The command needs only be programmed before reading the first byte. 
Serial Downloading 

Both the Program and Data memory arrays can be programmed using the serial SPI bus while RESET is pulled to GND. 
The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RESET is set low, the Programming 
Enable instruction needs to be executed first before program/erase operations can be executed. 

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming operation (in the serial 
mode ONLY) and there is no need to first execute the Chip Erase instruction. The Chip Erase operation turns the content of 
every memory location in both the Program and EEPROM arrays into $FF. 

The Program and EEPROM memory arrays have separate address spaces, $000 to $7FF for Program Flash memory and 
$000 to $07F for EEPROM Data memory. 
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Either an external system clock is supplied at pin XTAL1 or a crystal needs to be connected across pins XTAL1 and 
XTAL2. The minimum low and high periods for the serial clock (SCK) input are defined as follows: 

Low: > 1 XTAL1 clock cycle 

High: > 4 XTAL1 clock cycles 

SERIAL PROGRAMMING ALGORITHM 

To program and verify the AT90S2313 in the serial programming mode, the following sequence is recommended (See four 
byte instruction formats in Table 24): 

1. Power-up sequence: 

Apply power between VCC and GND while RESET and SCK are set to '0'. (If the programmer can not guarantee that 
SCK is held low during power-up, RESET must be given a positive pulse after SCK has been set to '0'.) If a crystal is 
not connected across pins XTAL1 and XTAL2, apply a to 20 MHz clock to the XTAL1 pin. 

2. Wait for at least 20 ms and enable serial programming by sending the Programming Enable serial instruction to pin 
MOSI/PB5. Refer to the above section for minimum high and low periods for the serial clock input (SCK). 

3. If a chip erase is performed (must be done to erase the Flash), wait 10ms, give RESET a positive pulse and start over 
again from Step 2. 

4. The Flash or EEPROM array is programmed one byte at a time by supplying the address and data together with the 
appropriate Write instruction. An EEPROM memory location is first automatically erased before new data is written. 
The next byte can be written after 4 ms. 

5. Any memory location can be verified by using the Read instruction which returns the content at the selected address at 
serial output MISO/PB6. 

6. At the end of the programming session, RESET can be set high to commence normal operation. 

7. Power-off sequence (if needed): 

Set XTAL1 to '0' (if a crystal is not used). 
Set RESET to 'V. 
Turn V cc power off.. 




Table 24. Serial Programming Instruction Set 



Instruction 


Instruction Format 


Operation 


Byte 1 


Byte 2 


Byte 3 


Byte4 


Programming Enable 


1010 1100 


0101 0011 


xxxx xxxx 


xxxx xxxx 


Enable Serial Programming after 
Htbt I goes low. 


Chip Erase 


1010 1100 


100X xxxx 


xxxx xxxx 


xxxx xxxx 


Chip erase both 2K & 1 28 byte memory 
arrays 


Read Program Memory 


0010 H000 


xxxx xxaa 


bbbb bbbb 


oooo oooo 


Read H(high or low) data o from 
Program memory at word address a:b 


Write Program Memory 


0100 H000 


xxxx xxaa 


bbbb bbbb 


iiii iiii 


Write H(high or low) data i to Program 
memory at word address a:b 










oooo oooo 


Read data o from EEPROM memory at 
address b 


Write EEPROM Memory 


1100 0000 


xxxx xxxx 


xbbb bbbb 


iiii iiii 


Write data i to EEPROM memory at 
address b 


Write Lock Bits 


1010 1100 


lllx x21x 


xxxx xxxx 


xxxx xxxx 


Write lock bits. Set bits 7,2='0' to 
program lock bits. 


Read Device Code 


0011 0000 


xxxx xxxx 


xxxx xxbb 


oooo oooo 


Read Device Code o from address b 



Notes: a = address high bits 
b = address low bits 
H = - Low byte, 1 - High Byte 



= data out 

1 = data in 

x = don't care 

1 = lock bit 1 

2 = lock bit 2 



2.7 - 6.0V 

u 



PB7(SCK) 
PB6(MISO) 
PB5(MOSI) 



XTAL1 
GND 



■ CLOCK IN 
' DATA OUT 
• INSTR. IN 



Figure 53. Serial Programming and Verify 
When writing serial data to the AT90S2313, data is clocked on the rising edge of CLK. 

When reading data from the AT90S2313, data is clocked on the falling edge of CLK. See Figure 54 for an explanation. 
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Programming Characteristics 



SERIAL DATA INPUT 
PB5(M0SI) 



SERIAL DATA OUTPUT 
PB6(MISO) 



SERIAL CLOCK INPUT 
PB7(SCK) 



Figure 54. Serial Downloading Waveforms 



Absolute Maximum Ratings* 



Operating Temperature -40°C to +105"C 

Storage Temperature -65°C to +150°C 



Voltage on any Pin except RESET 

with respect to Ground -1 .OV to +7.0V 

Maximum Operating Voltage 6.6V 

I/O Pin Maximum Current 40.0 mA 

Maximum Current VCC and GND 140.0 mA 



•NOTICE: 



Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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DC Characteristics 

T A = -40°C to 85°C, V cc = 2.7V to 6.0V (unless otherwise noted) 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Units 


V|L 


Input Low Voltage 




-0.5 




0.2 Vcc - 0.1 


V 


V IH 


Input High Voltage 


(Except XTAL1 , RESET) 


0.2 V cc + 0.9 




V cc + 0.5 


V 


V IH1 


Input High Voltage 


(XTAL1, RESET) 


0-7 V cc 




V C C + 05 


V 


v l 


Output Low Voltage (,) 
(Ports B, D) 


l OL = 20 mA, V CC = 5V 
l OL =10mA, V CC = 2.7V 






0.5 


V 




Output High Voltage 
(Ports B,D) 


l H l = 10mA. V CC = 5V 
l HI = 5mA, V CC = 2.7V 


4.5 






V 


'oh 


Output Source Current 
(Ports B,D) 


V cc = 5V 

V™ - 2 7V 
CC 






10 

5 


mA 


'OL 


(Port B,D) 


V CC ~ ov 
V CC = 2- 7V 






20 
10 


rn7~ 


RRST 


Reset Pull-Up Resistor 




100 




500 


kSi 


R|/0 


I/O Pin Pull-Up Resistor 




35 




120 


Ut 






Active Mode, 3V, 4MHz 








mA 


'cc 




Idle Mode 3V, 4MHz 




800 




uA 


ice 


Power Down Mode (2) 


WDT enabled, 3V 




50 




uA 


WDT disabled, 3V 




<1 




uA 


V ACIO 


Analog Comparator Input 
Offset Voltage 


V CC = 5V 









20 


mV 


'ACLK 


Analog Comparator Input 
Leakage Current 




1 


5 


10 


nA 


'acpd 


Analog Comparator 
Propagation Delay 


V cc = 2.7V 
V CC = 4.0V 




750 
500 




ns 


Notes: 1 . 


Under steady state (non-transient) conditions, l 0L 
Maximum l 0L per port pin: 20mA 


must be externally limited a 


5 follows: 







Maximum total l 0L for all output pins: 80mA 

If l 0L exceeds the test condition, V 0L may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 
2. Minimum V cc for Power Down is 2V. 
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External Clock Drive Waveforms 




3 



External Clock Drive 



Symbol 


Parameter 


V cc = 2.7V to 6.0V 
Min Max 


V cc = 4.0V to 6.0V 
Min Max 


Units 


1/t CLCL 


Oscillator Frequency 


4 





16 


MHz 


'CLCL 


Clock Period 


250 


62.5 




ns 


<CHCX 


High Time 


40 


16.7 




ns 


>CLCX 


Low Time 


40 


16.7 




ns 


'CLCH 


Rise Time 


10 




4.15 


ns 


'CHCL 


Fall Time 


10 




4.15 


ns 



Ordering Information 












Orderina Code 


Package 


Operation Range 


AT90S2313-PC 
AT90S2313-SC 


20P3 
20S 


Commercial 
(0°C to 70°C) 


AT90S2313-PI 
AT90S2313-SI 




20P3 
20S 




Industrial 
(-40°C to 85°C) 



























































Package Type 


20P3 


20 Lead, 0.300" Wide, Plastic Dual In-Line Package (PDIP) 


20S 


20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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AT90S2313 Register Summary 



Address 


Name 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


Page 




S3F (S5F) 


SREG 


i 


T 


H 


s 


V 


N 


z 


c 


3-21 


$3E ($5E) 


Reserved 






$3D ($5D) 


SPL 


SP7 SP6 | SP5 SP4 | SP3 | SP2 SP1 SPO 


3-22 


$3C ($5C) 


Reserved 






$3B ($5B) 


GIMSK 


INT1 


INTO 














3-27 


$3A ($5A) 


GIFR 


INTF1 


INTFO 














3-27 


$39 ($59) 


TIMSK 


TOIE1 


OCIE1A 






TICIE1 




TOIEO 




3-27 


$38 ($58) 


TIFR 


TOV1 


OCF1A 






1CF1 




TOVO 




3-28 


$37 ($57) 


Reserved 






$36 ($56) 


Reserved 






$35 ($55) 


MCUCR 


SE SM | ISC11 | ISC10 ] ISC01 I ISCOO 


3-29 


$34 ($54) 


Reserved 






$33 ($53) 


TCCRO 


| • | - | - | - | CS02 | CS01 | CSOO 


3-32 


$32 ($52) 


TCNTO 


Timer/CounterO (8 Bit) 


3-33 


$31 ($51) 


Reserved 






$30 ($50) 


Reserved 






$2F ($4F) 


PCCR1A 


C0M1A1 


COM 1 AO 










PWM11 


PWM10 
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$2E ($4E) 


TCCR1B 


ICN01 


ICES1 






CTC1 


CS12 


CS11 


CS10 


3-35 


$2D ($4D) 


TCNT1H 


Timer/Counten - Counter Register High Byte 


3-36 


S2C ($4C) 


TCNT1L 


Timer/Counten - Counter Register Low Byte 


3-36 


$2B ($4B) 


OCR1AH 


Timer/Counterl - Compare Register High Byte 


3-37 


$2A ($4A) 


OCR1AL 


Timer/Counterl - Compare Reqister Low Byte 


3-37 


$29 ($49) 


Reserved 






$28 ($48) 


Reserved 






$27 ($47) 


Reserved 






$26 ($46) 


Reserved 






$25 ($45) 


ICR1H 


Timer/Counterl - Input Capture Register High Byte 


3-37 


$24 ($44) 


ICR1L 


Timer/Counterl - Input Capture Reqister Low Byte 


3-37 


$23 ($43) 


Reserved 






$22 ($42) 


Reserved 






$21 ($41) 


WDTCR 


| WDTOE | WDE | WDP2 | WDP1 | WDPO 


3-39 


$20 ($40) 


Reserved 






$1F ($3F) 


Reserved 






SI E (S3EI 


EEAR 


I EEPROM Address Reqister 


3-40 


S1D |S3Dl 


EEDR 


EEPROM Data reqister 


3-41 


S1C (S3C) 


EECR 


| EEMWE | EEWE I EERE 


3-41 


$1B ($3B) 


Reserved 






$1A ($3A) 


Reserved 






$19 ($39) 


Reserved 






$18 ($38) 


PORTB 


PORTB7 


PORTB6 


PORTB5 


PORTB4 


PORTB3 


PORTB2 


PORTB 1 


PORTBO 


3-50 


$17 ($37) 


DDRB 


DDB7 


DDB6 


DDB5 


DDB4 


DDB3 


DDB2 


DDB1 


DDBO 


3-50 


$16 ($36) 


PINB 


PINB7 


PINB6 


PINB5 


PINB4 


PINB3 


PINB2 


P1NB1 


PINBO 


3-50 


$15 ($35) 


Reserved 






$14 ($34) 


Reserved 






$13 ($33) 


Reserved 






$12 ($32) 


PORTD 




PORTD6 


PORTD5 


PORTD4 


PORTD3 


PORTD2 


PORTD1 


PORTDO 


3-55 


$11 ($31) 


DDRD 




DDD6 


DDD5 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO 


3-55 


$10 ($30) 


PIND 




PIND6 


PIND5 


PIND4 


PIND3 


PIND2 


PIND1 


PINDO 


3-55 


$0F ($2F) 


Reserved 






$0E ($2E) 


Reserved 






$0D ($2D) 


Reserved 






$0C ($2C) 


UDR 


UART I/O Data Reqister 


3-44 


$0B ($2B) 


USR 


RXC 


TXC 


UDRE 


FE 


OR 








3-44 


$0A ($2A) 


UCR 


RXCIE 


TXCIE 


UDRIE 


RXEN 


TXEN 


CHR9 


RXB8 


TXB8 


3-45 


$09 ($29) 


UBRR 


UART Baud Rate Register 


3-47 


$08 ($28) 


ACSR 


ACD - | ACO ACI ACIE | ACIC I ACIS1 | ACISO 


3-48 




Reserved 






$00 ($20) 


Reserved 
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Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clocks 


ARITHMETIC AND LC 


>GIC INSTRUCTIONS 


ADD 


Rd, Rr 


Add two Reqislers 


Rd <- Rd ♦ Rr 


Z,C,N,V,H 1 


ADC 


Rd, Rr 


Add with Carry two Reqisters 


Rd • Rd + Rr + 


Z.CN.V.H 1 


ADIW 


Rdl,K 


Add Immediate to Word 


RdhrRdl <- Rdh:Rdl + K | Z,C,N,V,S 2 


SUB 


Rd, Rr 


Subtract two Reqisters 


Rd *- Rd - Rr 




SUBI 


Rd, K 


Subtract Constant from Register 


Rd <- Rd - K 


Z.C.N.V.H 


1 


SBIW 


Rdl.K 


Subtract Immediate from Word 


RdhrRdl t- Rdh:Rdl - K 


Z,C,N,V,S 


2 


SBC 


Rd, Rr 


Subtract with Carry two Reqisters 


Rd <- Rd - Rr - C 


Z,C.N,V,H 


1 


SBCI 


Rd, K 


Subtract with Carry Constant from Req, 


Rd *- Rd - K - C 


Z.CN.V.H 


1 


AND 


Rd, Rr 


Loqical AND Reqisters 


Rd «- Rd • Rr 


Z.N.V 


1 


ANDI 


Rd, K 


Loqical AND Reqister and Constant 


Rd . ■ Rd • K 


Z,N,V 


1 


OR 


Rd, Rr 


Logical OR Registers 


Rd^- RdvRr 


Z,N,V 


1 


ORI 


Rd, K 


Logical OR Register and Constant 


Rd <- Rd v K 


Z,N,V 


1 


EOR 


Rd, Rr 


Exclusive OR Reqisters 


Rd «- Rd © Rr 


Z.N,V 


1 


COM 


Rd 


One's Complement 


Rd <- $FF - Rd 


Z,C,N,V 


1 


NEG 


Rd 


Two's Complement 


Rd S00 - Rd 


Z.C.N.V.H 


1 


SBR 


Rd.K 


Set Bit(s) in Register 


Rd <- Rd v K 


Z,N,V 


1 


CBR 


Rd,K 


Clear Bitts) in Register 


Rd ^ Rd . ($FF - K) 


Z.N.V 


1 


INC 


Rd 


Increment 


Rd ^ Rd + 1 


Z.N.V 


1 


DEC 


Rd 


Decrement 


Rd ^ Rd - 1 


Z.N.V 


1 


TST 


Rd 


Test for Zero or Minus 


Rd *- Rd . Rd 


Z.N.V 


1 


CLR 


Rd 


Clear Reqister 


Rd *- Rd © Rd 


Z.N.V 


1 


SER 


Rd 


Set Reqister 


Rd <- SFF 


None 


1 


BRANCH INSTRUCTIONS 


RJMP 


k 


Relative Jump 


PC «- PC + k + 1 


None 


2 


IJMP 




Indirect Jump to (Z) 


PC *— Z 


None 


2 


RCALL 


k 


Relative Subroutine Call 


PC <- PC + k + 1 


None 


3 


ICALL 




Indirect Call to (Z) 


PC *— 2 


None 


3 


RET 




Subroutine Return 


PC (- STACK 


None 


4 


RETI 




Interrupt Return 


PC <- STACK 


I 


4 


CPSE 


Rd.Rr 


Compare, Skip if Equal 


il (Rd = Rr) PC .- PC * 2 or 3 


None 


1 / 2 


CP 


Rd,Rr 


Compare 


Rd-Rr 


Z, N.V.C.H 


1 


CPC 


Rd.Rr 


Compare with Carry 


Rd-Rr-C 


Z, N.V.C.H 


1 


CPI 


Rd.K 


Compare Reqister with Immediate 


Rd - K 


Z, N.V.C.H 


1 


SBRC 


Rr, b 


Skip if Bit in Register Cleared 


if (Rr(b)=0) PC t— PC + 2 or 3 


None 


1 12 


SBRS 


Rr, b 


Skip if Bit in Register is Set 


rf (Rr(b)=1) PC t— PC + 2 or 3 


None 


1 12 


SBIC 


P. b 


Skip if Bit in I/O Register Cleared 


if (P(b)=0) PC <— PC + 2 or 3 


None 


1/2 


SBIS 


P, b 


Skip if Bit in I/O Reqister is Set 


if |R(b)=1} PC (— PC + 2 or 3 


None 


1 12 


BRBS 


s, k 


Branch if Status Flaq Set 


if (SREG(S) = 1 ) Ihen PC^PC + k + 1 


None 


1/2 


BRBC 


s, k 


Branch if Status Flaq Cleared 


if (SREG(S) = 0) then PCt-PC + k + 1 


None 


1 12 


BREQ 


k 


Branch if Equal 


if (Z = 1)ttien PC <— PC + k + 1 


None 


1/2 


BRNE 


k 


Branch if Not Equal 


if (Z a 0) Ihen PC *— PC + k + 1 


None 


1/2 


BRCS 


k 


Branch if Carry Set 


il (C = 1) then PC <- PC + k+ 1 


None 


1/2 


BRCC 


k 


Branch if Carry Cleared 


it (C = 0) then PC <- PC + k + 1 


None 


1/2 


BRSH 


k 


Branch if Same or Hiqher 


rf (C = 0) then PC *- PC + k + 1 


None 


1/2 


BRLO 




Branch if Lower 


if (C = 1) then PC *- PC + k + 1 


None 


1 / 2 


BRMI I k I Branch if Minus | it (N = 1 ) then PC «- PC + k + 1 


None 1 / 2 


BRPL 




Branch if Plus 


if (N = 0) then PC «— PC + k + 1 


None 


1 / 2 


BRGE 


k 


Branch if Greater or Equal. Signed 


rf (N © Vs 0) then PC PC k + 1 


None 


1/2 


BRLT 


k 


Branch if Less Than Zero, Siqned 


it (N © V= 1 ) then PC *- PC + k + 1 


None 


1/2 


BRHS 


k 


Branch if Half Carry Flaq Set 


if (H = 1) then PC *- PC + k + 1 


None 


1/2 


BRHC 


k 


Branch if Half Carry Flaq Cleared 


if (H = 0) then PC PC + k + 1 


None 


1/2 


BRTS 


k 


Branch if T Flag Set 


rf (T= l)then PC ^ PC + k + 1 


None 


1 12 


BRTC 


k 


Branch if T Flag Cleared 


it (T = 0) then PC *- PC + k + I 


None 


1/2 


BRVS 


k 


Branch if Overflow Flaq is Set 


it {V= I) then PC *- PC + k + 1 


None 


1 12 


BRVC 


k 


Branch if Overflow Flaq is Cleared 


il (V = 0) Ihen PC ^ PC + k + 1 


None 


1 12 


BRIE 


k 


Branch if Interrupt Enabled 


it ( 1 = 1)then PC *- PC + k+ 1 


None 


1 12 


BRID 


k 


Branch if Interrupt Disabled 


if ( I » 0) then PC »- PC + k + 1 


None 


1 12 
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Mnemonics 


Operands 


Description 


Operation jFlags^ 


#Clocks 


DATA TRANSFER INSTRUCTIONS 


MOV 


R I Rr 


Move Between Reqisters 


Rd i- Rr 


None 


1 


LDI 


Rd. K 


Load Immediate 


Rd <- K 


None 


i 


LD 


Rd, X 


Load Indirect 


Rd (X) 


None 


2 


LD 


Rd. X+ 


Load Indirect and Post-lnc. 


Rd - (X), X - X + 1 


None 


2 


LD 


Rd, - X 


Load Indirect and Pre-Dec. 


X .-X- 1, Rdt-(X) 


None 


2 


LD 


Rd, Y 


Load Indirect 


Rd <- (Y) 


None 


2 


LD 


Rd, Y+ 


Load Indirect and Post-lnc. 


Rd *. (Y), Y <- Y + 1 


None 


2 


LD 


Rd, - Y 


Load Indirect and Pre-Dec. 


Y +- Y - 1 , Rd t- (Y) 


None 


2 


LDD 


Rd Y+q 


Load Indirect with Displacement 


Rd t- (Y + q) 




2 


LD 


Rd Z 


Load Indirect 


Rd t- (Z) 


None 


2 


LD 


Rd Z+ 


Load Indirect and Post-lnc 


Rd — (Z). Z t- Z+1 


None 


2 


LD 


Rd -Z 


Load Indirect and Pre-Dec 


Z t- Z - 1 , Rd t- (Z) 


None 


2 






Load Indirect with Displacement 


nU t— \£. + m 


"None 


2 


~ms 


j""^ 


I naH ["tir-eft (mm SRAM 


Rd *- (kl 


"None 


3 


— 

ST 


— -r 


Store Indirect 


t*) t- nr 


— 

°" e 


2 


ST 


XB ' 


Store Indirect and Post-lnc. 


/Y\ . Rr y y i 1 
lAj t — nr, A *— A + I 






ST 


*' 


Store Indirect and Pre-Dec. 


Y Y 1 rY\ , Pr 

At— A - i.tAjt— nr 


~None 


| 


ST 


Y, Rr 


Store Indirect 


(Y) - Rr 


None 


2 


ST 


Y+, Rr 


Store Indirect and Post-lnc. 


(Y) t- Rr, Y Y + 1 


None 


2 


ST 


-Y. Rr 


Store Indirect and Pre-Dec. 


Y«-Y-1,(Y)t-Rr 


None 


2 


STD 


Y+q.Rr 


Store Indirect with Displacement 


(Y + q) ^ Rr 


None 


2 


ST 


Z. Rr 


Store Indirect 


(Z) Rr 


None 


2 


ST 


Z+, Rr 


Store Indirect and Post-lnc. 


(Z) t- Rr, Z - Z + 1 


None 


2 


ST 


-Z, Rr 


Store Indirect and Pre-Dec. 


Z»-Z-1,(Z)^Rr 


None 


2 


STD 


Z+q.Rr 


Store Indirect with Displacement 


(Z + q)^Rr 


None 


2 


STS 


k. Rr 


Store Direct to SRAM 


(k) ,- Rr 


None 


3 


LPM 




Load Proqram Memory 


RO (Z) 


None 


3 


IN 


Rd, P 


In Port 


Rd <- P 


None 


1 


OUT 


P, Rr 


Out Port 


P ^ Rr 


None 


1 


PUSH 


Rr 


Push Reqister on Stack 


STACK Rr 


None 


2 


POP 


Rd 


Poo Reqister from Stack 


Rd t- STACK 


None 


2 


BIT AND BIT-TEST INSTRUCTIONS 


SBI 


P.b 


Set Bit in I/O Reqister 


l/0(P,b) .- 1 


None 


2 


CBI 


P.b 


Clear Bit in I/O Reqister 


l/0(P,b) - 


None 


2 


LSL 


Rd 


Loqical Shift Left 


Rd(n+1) Rd(n), Rd(0) t~ 


Z.C.N.V 




LSR 


Rd 


Loqical Shift Riqht 


Rd(n) <- Rd(n-t-l), Rd(7) <- 


Z.C.N.V 




ROL 


Rd 


Rotate Left Throuqh Carry 


Rd(0)«-C,Rd(n+1)- Rd(n),C^Rd(7) 


Z,C,N,V 




ROR 


Rd 


Rotate Right Throuqh Carry 


Rd(7)<-C,Rd(n)^ Rd(n+1).C-Rd(0) 


Z.C.N.V 




ASR 


Rd 


Arithmetic Shift Riqht 


Rd(n) - Rd(nt-) n=0 .6 


Z,C,N,V 




SWAP 


Rd 


Swap Nibbles 


Rd(3..0)<-Rd(7..4),Rd(7..4)«-Rd(3..0) 


None 




BSET 


s 


Flag Set 


SREG(s) t- 1 


SREG(s) 




BCLR 


s 


Flag Clear 


SREG(s) t- 


SREG(s) 




BST 


Rr.b 


Bit Store from Reqister to T 


T t- Rr(b) 


T 




BLD 


Rd, b 


Bit load from T to Reqister 


Rd(b) ~- T 


None 




SEC 




Set Carry 


C ., 1 


C 




CLC 




Clear Carry 


C<-0 


C 




SEN 




Set Neqative Flaq 


N «- 1 


N 




CLN 




Clear Neqative Flaq 


N^O 


N 




SEZ 




Set Zero Flaq 


Zt-I 


Z 




CLZ 




Clear Zero Flaq 


Z^O 


Z 




SEI 




Global Interrupt Enable 


I - 1 


I 




CLI 




Global Interrupt Disable 


l<-0 


I 




SES 




Set Siqned Test Flaq 


S<- 1 


s 




CLS 




Clear Signed Test Flag 


S<-0 


s 




SEV 




Set Twos Complement Overflow 


V t- 1 


V 




CLV 




Clear Twos Complement Overflow 


v^o 


V 




SET 




Set Tin SREG 


Tt- 1 


T 




CLT 




Clear T in SREG 


T.-0 


T 




SEH 




Set Half Carry Flaq in SREG 


H <- 1 


H 




CLH 




Clear Hall Carry Flaq in SREG 


H_0 


H 




NOP 




No Operation 




None 




SLEEP 




Sleep 


(see specific descr. for Sleep function) 


None 


3 


WDR 




Watchdog Reset 


(see specific descr. for WDR/timer) 


None 


1 
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AT90S4414 



Features 

• Utilizes the AVR® Enhanced RISC Architecture 

• AVR - High Performance and Low Power RISC Architecture 

• 120 Powerful Instructions - Most Single Clock Cycle Execution 

• 4K bytes of In-System Reprogrammable Downloadable Flash 

- SPI Serial Interface for Program Downloading 

- Endurance: 1 ,000 Write/Erase Cycles 

• 256 bytes EEPROM 

- Endurance: 100,000 Write/Erase Cycles 
256 bytes Internal SRAM 
32 x 8 General Purpose Working Registers 
32 Programmable I/O Lines 
Programmable Serial UART 
SPI Serial Interface 
V cc : 2.7 -6.0V 

Fully Static Operation, - 20 MHz 
Instruction Cycle Time: 50 ns @ 20 MHz 
One 8-Bit Timer/Counter with Separate Prescaler 
One 16-Bit Timer/Counter with Separate Prescaler 
and Compare and Capture Modes 
Dual PWM 

External and Internal Interrupt Sources 
Programmable Watchdog Timer with On-Chip Oscillator 
On-Chip Analog Comparator 
Low Power Idle and Power Down Modes 
Programming Lock for Software Security 



Description 



■ 



The AT90S4414 is a low-power CMOS 8-bit microcontroller based on the AVR* 
enhanced RISC architecture. By executing powerful instructions in a single clock 
cycle, the AT90S4414 achieves throughputs approaching 1 MIPS per MHz allowing 
the system designer to optimize power consumption versus processing speed. 

Pin Configurations 




\ 



PC7 (A15) 
PC6 (A14) 
PC5 (A13) 
PC4 (A12) 
PC3 (A11) 
PC2 (A10) 
PCI (A9) 
PCD (A8) 



(MOSI) PB5[ 
(MISO) PB6[ 
(SC K) PB7 [ 
RESET I 
(RXD) PD0[ 
NC [ 

(TXD) PD1 [ 
(INTO) PD2[ 
(INT1) PD3I 
PD4 I 
(OC1A) PD5I 



' 1 9„ „2 1„ „2 3„ ,2 5, J2. 7* 



I PA 4 (A 04) 

I PA 5 ( A D 5 ) 

I PA 6 ( A D 6 ) 

I PA 7 (AD 7) 
I ICP 
] NC 

Zl ALE 

Zl 6 C 1 B 

Zl PC7 (A1 5) 

Zl PCS (A14) 

PC5 (A13) 
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Figure 1. The AT90S4414 Block Diagram 
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Description (Continued) 

The AVR core is based on an enhanced RISC architecture that combines a rich instruction set with 32 general purpose 
working registers. All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent 
registers to be accessed in one single instruction executed in one clock cycle. The resulting architecture is more code effi- 
cient while achieving throughputs up to ten times faster than conventional CISC microcontrollers. 

The AT90S4414 provides the following features: 4K bytes of Downloadable Flash, 256 bytes EEPROM, 256 bytes SRAM, 
32 general purpose I/O lines, 32 general purpose working registers, flexible timer/counters with compare modes, internal 
and external interrupts, a programmable serial UART, programmable Watchdog Timer with internal oscillator, an SPI serial 
port and two software selectable power saving modes. The Idle Mode stops the CPU while allowing the SRAM, timer/ 
counters, SPI port and interrupt system to continue functioning. The power down mode saves the register contents but 
freezes the oscillator, disabling all other chip functions until the next interrupt or hardware reset. 

The device is manufactured using Atmel's high density non-volatile memory technology. The on-chip Downloadable Flash 
allows the program memory to be reprogrammed in-system through an SPI serial interface or by a conventional nonvolatile 
memory programmer. By combining an enhanced RISC 8-bit CPU with Downloadable Flash on a monolithic chip, the Atmel 
AT90S4414 is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded con- 
trol applications. 

The AT90S4414 AVR is supported with a full suite of program and system development tools including: C compilers, macro 
assemblers, program debugger/simulators, in-circuit emulators, and evaluation kits. 

Pin Descriptions 

VCC 

Supply voltage 

GND 

Ground 

Port A (PA7..PA0) 

Port A is an 8-bit bidirectional I/O port. Port pins can provide internal pullups (selected for each bit). The Port A output buff- 
ers can sink 20mA and can drive LED displays directly. When pins PAO to PA7 are used as inputs and are externally pulled 
low, they will source current (l ]L ) if the internal pullups are activated. 
Port A serves as Multiplexed Address/Data input/output when using external SRAM. 

Port B (PB7..PB0) 

Port B is an 8-bit bidirectional I/O pins with internal pullups. The Port B output buffers can sink 20 mA. As inputs, Port B 
pins that are externally pulled low will source current (I L ) if the pullups are activated. 

Port B also serves the functions of various special features of the AT90S4414 as listed on Page 4-62. 



Port C (PC7..PC0) 

Port C is an 8-bit bidirectional I/O port with internal pullups. The Port C output buffers can sink 20 mA. As inputs, Port C 
pins that are externally pulled low will source current (l, L ) if the pullups are activated. 

Port C also serves as Address output when using external SRAM. 



Port D (PD7..PD0) 

Port D is an 8-bit bidirectional I/O port with internal pullups. The Port D output buffers can sink 20 mA. As inputs, Port D 

pins that are externally pulled low will source current (l, L ) if the pullups are activated. 

Port D also serves the functions of various special features of the AT90S4414 as listed on Page 4-68 



RESET 

Reset input. A low on this pin for two machine cycles while the oscillator is running resets the device. 



XTAL1 

Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 
XTAL2 

Output from the inverting oscillator amplifier 



ICP 

ICP is the input pin for the Timer/Counterl Input Capture function. 
OC1B 

OC1 B is the output pin for the Timer/Counterl Output CompareB function 
ALE 

ALE is the Address Latch Enable used when the External Memory is enabled. The ALE strobe is used to latch the low- 
order address (8 bits) into an address latch during the first access cycle, and the ADO-7 pins are used for data during the 
second access cycle. 

Crystal Oscillator 

XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be configured for use as an on- 
chip oscillator, as shown in Figure 2. Either a quartz crystal or a ceramic resonator may be used. To drive the device from 
an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 3. 



C2 
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XTAL2 



XTAL1 
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Figure 2. Oscillator Connections 
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Figure 3. External Clock Drive Configuration 



AT90S4414 AVR Enhanced RISC Microcontroller CPU 

The AT90S4414 AVR RISC microcontroller is upward compatible with the AVR Enhanced RISC Architecture. The pro- 
grams written for the AT90S4414 MCU are fully compatible with the range of AVR 8-bit MCUs (AT90Sxxxx) with respect to 
source code and clock cycles for execution. 

Architectural Overview 

The fast-access register file concept contains 32 x 8-bit general purpose working registers with a single clock cycle access 
time. This means that during one single clock cycle, one ALU (Arithmetic Logic Unit) operation is executed. Two operands 
are output from the register file, the operation is executed, and the result is stored back in the register file - in one clock 
cycle. 
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Six of the 32 registers can be used as three 16-bits indirect address register pointers tor Data Space addressing - enabling 
efficient address calculations. One of the three address pointers is also used as the address pointer for the constant table 
look up function. These added function registers are the 16-bits X-register, Y-register and Z-register. 

AVR AT90S4414 Architecture 

- Data Bus 8-bit 




Figure 4. The AT90S4414 AVR Enhanced RISC Architecture 
The ALU supports arithmetic and logic functions between registers or between a constant and a register. Single register 
operations are also executed in the ALU. Figure 4 shows the AT90S4414 AVR Enhanced RISC microcontroller architec- 
ture. 

In addition to the register operation, the conventional memory addressing modes can be used on the register file as well. 
This is enabled by the fact that the register file is assigned the 32 lowermost Data Space addresses ($00 - $1 F), allowing 
them to be accessed as though they were ordinary memory locations. 

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, Timer/Counters, A/D- 
converters, and other I/O functions. The I/O Memory can be accessed directly, or as the Data Space locations following 
those of the register file, $20 - $5F. 

The AVR uses a Harvard architecture concept - with separate memories and buses for program and data. The program 
memory is executed with a single level pipelining. While one instruction is being executed, the next instruction is pre- 
fetched from the program memory. This concept enables instructions to be executed in every clock cycle. The program 
memory is in-system downloadable Flash memory. 
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With the relative jump and call instructions, the whole 2K address space is directly accessed. Most A VR instructions have a 
single 16-bit word format. Every program memory address contains a 16- or 32-bit instruction. 

During interrupts and subroutine calls, the return address program counter (PC) is stored on the stack. The stack is effec- 
tively allocated in the general data SRAM, and consequently the stack size is only limited by the total SRAM size and the 
usage of the SRAM. All user programs must initialize the SP in the reset routine (before subroutines or interrupts are exe- 
cuted). The 16-bit stack pointer SP is read/write accessible in the I/O space. 

The 256 bytes data SRAM can be easily accessed through the five different addressing modes supported in the A VR archi- 
tecture. 

The memory spaces in the AVR architecture are all linear and regular memory maps. 

Program Memory Data Memory 



Program Flash 
(2KX16) 



$000 




$7FF 



32 Gen. Purpose 
Working Registers 


$0000 
$001 F 




$0020 


64 I/O Registers 


$005F 




$0060 


Internal SRAM 
(256 x 8) 


$01 5F 




$0160 


External SRAM 
(0 - 64K X 8) 










$FFFF 



Figure 5. Memory Maps 

A flexible interrupt module has its control registers in the I/O space with an additional global interrupt enable bit in the status 
register. All the different interrupts have a separate interrupt vector in the interrupt vector table at the beginning of the pro- 
gram memory. The different interrupts have priority in accordance with their interrupt vector position. The lower the interrupt 
address vector the higher priority. 
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The General Purpose Register File 

Figure 6 shows the structure of the 32 general purpose working registers in the CPU. 



General 
Purpose 
Working 
Registers 



RO 



R1 



R16 



Addr. 




$00 




$01 




$02 




SOD 




$0E 
$0F 




$10 




$11 




$1A 


X -register low byte 


$1B 


X-register high byte 


$1C 


Y-register low byte 


$1D 


Y-registerhigh byte 


$1E 


2-register low byte 


$1F 


Z-register high byte 



Figure 6. AVR CPU General Purpose Working Registers 
All the register operating instructions in the instruction set have direct and single cycle access to all registers. The only 
exception is the five constant arithmetic and logic instructions SBCI, SUBI, CPI, ANDI and ORI between a constant and a 
register and the LDI instruction for load immediate constant data. These instructions apply to the second half of the regis- 
ters in the register file - R1 6..R31 . The general SBC, SUB, CP, AND and OR and all other operations between two registers 
or on a single register apply to the entire register file. 

As shown in Figure 6, each register is also assigned a data memory address, mapping them directly into the first 32 loca- 
tions of the user Data Space. Although not being physically implemented as SRAM locations, this memory organization 
provides great flexibility in access of the registers, as the X ,Y and Z registers can be set to index any register in the file. 

THE X-REGISTER, Y-REGISTER AND Z-REGISTER 

The registers R26..R31 have some added functions to their general purpose usage. These registers are address | 
for indirect addressing of the Data Space. The three indirect address registers X, Y and Z are defined as: 

15 o 



X - register 



R27 ($1B) 



i($1A) 



J 



Y - register 



— 



"T 7 



r^7$Tq- 



Z • register | 7 | 7 | 

R31($1F) R30($1E) 

Figure 7. The X, Y and Z Registers 

In the different addressing modes these address registers have functions as fixed displacement, automatic increment and 
decrement (see the descriptions for the different instructions). 
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The ALU - Arithmetic Logic Unit 

The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a 
single clock cycle, ALU operations between registers in the register file are executed. The ALU operations are divided into 
three main categories - arithmetic, logic and bit-functions. Some microcontrollers in the AVR product family feature a hard- 
ware multiplier in the arithmetic part of the ALU. 

The Downloadable Flash Program Memory 

The AT90S4414 contains 4K bytes on-chip downloadable Flash memory for program storage. Since all instructions are 16- 
or 32-bit words, the Flash is organized as 2K x 16. The Flash memory has an endurance of at least 1000 write/erase 
cycles. The AT90S4414 Program Counter (PC) is 11 bits wide, thus addressing the 2048 program memory addresses. 
See Page 4-78 for a detailed description on Flash data downloading. 

Constant tables must be allocated within the address 0-2K (see the LPM - Load Program Memory instruction description). 
See Page 4-14 for the different program memory addressing modes. 

The SRAM Data Memory - Internal and External 

The following figure shows how the AT90S4414 SRAM Memory is organized: 



Register File 



Data Address Space 



R0 




$0000 


R1 




$0001 


R2 




$0002 








R29 




$001 D 


R30 




$001 E 


R31 




S001F 


I/O Registers 


$00 




$0020 


$01 




S0021 


$02 




$0022 








S3D 




$005D 


S3E 




$005E 


S3F 






$005F 



Internal SRAM 



$0060 



$0061 



$015E 



$01 5F 



External SRAM 



$0160 



$0161 



$FFFE 



$FFFF 



Figure 8. SRAM Organization 

The lower 352 Data Memory locations address the Register file, the I/O Memory and the internal data SRAM. The first 96 
locations address the Register File + I/O Memory, and the next 256 locations address the internal data SRAM. An optional 
external data SRAM can be placed in the same SRAM memory space. This SRAM will occupy the location following the 
internal SRAM and up to as much as 64K - 1 , depending on SRAM size. 



The five different addressing modes 
Pre-Decrement and Indirect with Po 



When the addresses accessing the data memory space exceeds the internal data SRAM locations, the external data 
SRAM is accessed using the same instructions as for the internal data SRAM access. When the internal data space is 
accessed, the read and write strobe pins (RTJ and WH) are inactive during the whole access cycle. External SRAM opera- 
tion is enabled by setting the SRE bit in the MCUCR register. See Page 4-31 for details. 

Accessing external SRAM takes one additional clock cycle per byte compared to the internal SRAM. This applies to com- 
mands LD, ST, LDS, STS, PUSH, POP. If the stack is placed in the external SRAM, interrupts, subroutine calls and returns 
will require two more clock cycles. When the external SRAM is used with wait state, all external SRAM access takes four 
clock cycles extra. 

a memory cover: Direct, Indirect with Displacement, Indirect, Indirect with 
. In the register file, registers R26 to R31 feature the indirect addressing 
pointer registers. 

The direct addressing reaches the entire data space. 

The Indirect with Displacement mode features a 63 address locations reach from the base address given by the Y or 
Z-register. 

When using register indirect addressing modes with automatic pre-decrement and post-increment, the address registers X, 
Y and Z are decremented and incremented. 

The 32 general purpose working registers, 64 I/O registers, the 256 bytes of internal data SRAM, and the 64K bytes of 
optional external data SRAM in the AT90S4414 are all accessible through all these addressing modes. 
See the next section for a detailed description of the different addressing modes. 

The Program and Data Addressing Modes 

The AT90S4414 AVR Enhanced RISC microcontroller supports powerful and efficient addressing modes for access to the 
program memory (Flash) and data memory (SRAM, Register File and I/O Memory). This section describes the different 
addressing modes supported by the AVR architecture. In the figures, OP means the operation code part of the instruction 
word. To simplify, not all figures show the exact location of the addressing bits. 

REGISTER DIRECT, SINGLE REGISTER RD 



REGISTER FILE 



Figure 9. Direct Single 
The operand is contained in register d (Rd). 
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REGISTER DIRECT, TWO REGISTERS RD AND RR 



REGISTER FILE 



15 9 5 4 



» 



Figure 10. Direct Register Addressing, Two Registers 

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d (Rd). 
I/O DIRECT 



15 

| OP | n 


5 









1 * 







Figure 11. I/O Direct Addressing 

Operand address is contained in 6 bits of the instruction word, n is the destination or source register address. 
DATA DIRECT 

Data Space 



20 19 16 




$0000 



Figure 12. Direct Data Addressing 



A 16-bit Data Address is contained in the 16 LSBs of a two-word instruction. Rd/Rr specify the destination or source regis- 
ter. 



DATA INDIRECT WITH DISPLACEMENT 

■ 



Data Space 



Y OR Z REGISTER 



15 10 6 5 



-<+) — • 



soooo 



SFFFF 



Figure 13. Data Indirect with Displacement 
Operand address is the result of the Y or Z-register contents added to the address contained in 6 bits of the instruction 



word. 
DATA INDIRECT 



Data Space 



X, Y OR Z ■ REGISTER 




Figure 14. Data Indirect Addressing 



Operand address is the contents of the X, Y or the Z-register. 
DATA INDIRECT WITH PRE-DECREMENT 



X, Y OR Z - REGISTER 








Figure 15. Data Indirect Addressing With Pre-Decrement 



The X, Y or the Z-register is decremented before the operation. Operand address is the decremented contents of the X, Y 
or the Z-register. 
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DATA INDIRECT WITH POST-INCREMENT 



Data Space 



X.YORZ- 



$0000 



Figure 16. Data Indirect Addressing With Post-Increment 

ipi of the X, Y or the Z-register 



The X, Y or the Z-register is incremented after the operation. Operand 
prior to incrementing. 



CONSTANT ADDRESSING USING THE LPM INSTRUCTION 

■ 



PROGRAM MEMORY 







1 


T 







Figure 17. Code Memory Constant Addressing 



Constant byte address is specified by the Z-register contents. The 15 MSBs select word address (0 - 2K) and LSB, select 
low byte if cleared (LSB = 0) or high byte if set (LSB = 1 ). 

DIRECT PROGRAM ADDRESS, JMP AND CALL 



PROGRAM MEMORY 



21 20 16 



Figure 18. Direct Program Memory Addressing 
Program execution continues at the address immediate in the instruction words. 



INDIRECT PROGRAM ADDRESSING, IJMP AND ICALL 



PROGRAM MEMORY 



Figure 



Program execution continues at address 
ter). 

RELATIVE PROGRAM ADDRESSING, RJMP AND RCALL 




nth the contents of the Z-regis- 



PROGRAM MEMORY 



Figure 20. Relative Program Memory Addressing 
Program execution continues at address PC + k. The relative address k is ± 2K. 
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The EEPROM Data Memory 

The AT90S4414 contains 256 bytes of data EEPROM memory. It is organized as a separate data space, in which single 
bytes can be read and written. The EEPROM has an endurance of at least 100,000 write/erase cycles. The access 
between the EEPROM and the CPU is described on Page 4-44 specifying the EEPROM address register, the EEPROM 
data register, and the EEPROM control register. 

For the SPI data downloading, see Page 4-78 for a detailed description. 



Memory Access Times and Instruction Execution Timing 

This section describes the general access timing concepts for instruction execution and internal memory access. 

The AVR CPU is driven by the System Clock 0, directly generated from the external clock crystal for the chip. No internal 

clock division is used. 

Figure 21 shows the parallel instruction fetches and instruction executions enabled by the Harvard architecture and the 
fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIPS per MHz with the corresponding 
unique results for functions per cost, functions per clocks, and functions | 
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Figure 21. The Parallel Instruction Fetches and Instruction Executions 
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Figure 22 shows the internal timing concept for the register file. In a single clock cycle an ALU operation using two register 
operands is executed, and the result is stored back to the destination register. 
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Figure 22. Single Cycle ALU Operation 



The internal data SRAM access is performed in two System Clock cycles as described in Figure 23. 
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Internal Read Signal j 
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Figure 23. On-Chip Data SRAM Access Cycles 
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The external data SRAM access is performed in two System Clock cycles as described in Figure 23 
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Figure 24. External Data SRAM Memory Cycles without Wait State 
The external data SRAM memory access 



the Wait State bit enabled (Wait State active) is shown in Figure 25. 
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Figure 25. 



RAM Memory Cycles with Wait State 



I/O Memory 

The I/O space definition of the AT90S4414 is shown in the following table: 
Tabid. AT90S4414 I/O Space 



Address Hex 


Name 


Function 




SREG 


Status REGisler 


$3E ($5E) 


SPH 


Stack Pointer High 




SPL 


^tafk Pointer I ouu 




\j i iviorv. 


f^onoral Intprriint Ma^lK - ronictor 
ucllclal HlltNIU|Jl IViaOrv loyisici 


<tOA /* A\ 


GIFR 


femoral I ntp rn mt Plan R anictp r 
vjt-i itJleti lllleliupi nay ncyiolci 




TIMSK 


Timer/Counter IntGrrupt MaSK register 


too /<rco\ 
*oo (Ipoo) 


TIFR 


Timer/Counter Interrupt Flag register 






MCU general Control Register 


$33 ($53) 


TCCRO 


Timer/CounterO Control Register 


$32 ($52) 


TCNTO 


Timer/CounterO (8-bit) 


$2F ($4F) 


TCCR1 A 


Timer/Counterl Control Register A 


$2E ($4E) 


TCCR1B 


Timer/Counterl Control Register B 


$2D ($4D) 


TCNT1 H 


Timer/Counterl High Byte 


$2C ($4C) 


TCNT1 L 


Timer/Counterl Low Byte 


$2B ($4B) 


OCR1 AH 


Timer/Counterl Output Compare Register A High Byte 


$2A ($4A) 


OCR1AL 


Timer/Counterl Output Compare Register A Low Byte 


$29 ($49) 


OCR1BH 


Timer/Counterl Output Compare Register B High Byte 


$28 ($48) 


OCR1BL 


Timer/Counterl Output Compare Register B Low Byte 


$25 ($45) 


ICR1H 


T/C 1 Input Capture Register High Byte 


$24 ($44) 


ICR1L 


T/C 1 Input Capture Register Low Byte 


$21 ($41) 


WDTCR 


Watchdog Timer Control Register 


$1 E ($3E) 


EEAR 


EEPROM Address Register 




EEDR 


EEPROM Data Register 


*1U (3>otj) 


EECR 


EEPROM Control Register 




PORTA 


Data Register, Port A 


OTA l3>ort) 


UUnrt 


Data Direction Register, Port A 


* i y i$ jy) 


PINA 


Input Pins, Port A 


<C1 ft f<C3ft\ 


PORTB 


riata □onlclor Dnrt R 

udtd negisier, ron d 


3> I / \3>«3 / J 


DDRB 


Uaid uirecuon negisier, ron d 




PINB 


Inm it Pine Pnrt R 
IlipUl rlllo, rUI I D 


S1 5 ("^^51 


PORTC 


riflta Rpni^tPr Pnrt f 


$14 l^A) 


DDRC 


Datfi nirprtinn Rpnit;tpr Pnrt C 


C1-J /<t'3'3\ 


PINC 


Innnt Pine Pnrt C 
iiipui nils, rui L \j 


$12 ($32) 


PORTD 


Data Register, Port D 


$11 ($31) 


DDRD 


Data Direction Register, Port D 


$10 ($30) 


PIND 


Input Pins, Port D 


$0F ($2F) 


SPDR 


SPI I/O Data Register 


$0E ($2E) 


SPSR 


SPI Status Register 


$0D ($2D) 


SPCR 


SPI Control Register 


$0C ($2C) 


UDR 


UART I/O Data Register 


$0B ($2B) 


USR 


UART Status Register 


$0A ($2A) 


UCR 


UART Control Register 


$09 ($29) 


UBRR 


UART Baud Rate Register 


$08 ($28) 


ACSR 


Analog Comparator Control and Status Register 


Note: reserved and unused locations are not shown in the table 
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All the different AT90S4414 l/Os and peripherals are placed in the I/O space. The different I/O locations are accessed by 
the IN and OUT instructions transferring data between the 32 general purpose working registers and the I/O space. I/O reg- 
isters within the address range $00 - $1F are directly bit-accessible using the SBI and CBI instructions. In these registers, 
the value of single bits can be checked by using the SBIS and SBIC instructions. Refer to the instruction set chapter for 
more details. 

When using the I/O specific commands, IN, OUT.SBIS and SBIC, the I/O addresses $00 - $3F must be used. When 
addressing I/O registers as SRAM, $20 must be added to this address. All I/O register addresses throughout this document 
are shown with the SRAM address in parentheses. 

The different I/O and peripherals control registers are explained in the following chapters. 
THE STATUS REGISTER - SREG 

The AVR status register - SREG - at I/O space location $3F ($5F) is defined as: 



Bit 




6 


5 


4 


3 


2 


1 





$3F ($5F) 


I ' 


T 


H 


S 


V 


N 


Z 




Read/Write 


RAW 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 



























Bit 7 - 1 : Global Interrupt Enable: 

The global interrupt enable bit must be set (one) for the interrupts to be enabled. The individual interrupt enable control is 
then performed in the interrupt mask registers - GIMSK and TIMSK. If the global interrupt enable register is cleared (zero), 
none of the interrupts are enabled independent of the GIMSK and TIMSK values. The l-bit is cleared by hardware after an 
interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. 

Bit 6 - T : Bit Copy Storage: 

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T bit as source and destination for the operated bit. A 
bit from a register in the register file can be copied into T by the BST instruction, and a bit in T can be copied into a bit in a 
register in the register file by the BLD instruction. 

Bit 5 - H : Half Carry Flag: 

The half carry flag H indicates a half carry in some arithmetic operations. See the Instruction Set Description for detailed 
information. 



Bit 4 - S : Sign Bit. S = N ® V : 

The S-bit is always an exclusive or between the negative flag N and the two's complement overflow flag V. See the Instruc- 
tion Set Description for detailed information. 



Bit 3 - V : Two's Complement Overflow Flag: 

The two's complement overflow flag V supports two's complement arithmetics. See the Instruction Set Description for 
detailed information. 



Bit 2 - N : Negative Flag: 

The negative flag N indicates a negative result after the different arithmetic and logic operations. See the Instruction Set 
Description for detailed information. 

Bit 1 - Z : Zero Flag: 

The zero flag Z indicates a zero result after the different arithmetic and logic operations. See the Instruction Set Description 
for detailed information. 

BitO-C: Carry Flag: 

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction Set Description for detailed infor- 
mation. 



THE STACK POINTER - SP 

The general AVR 16-bit Stack Pointer is effectively built up of two 8-bit registers in the I/O space locations $3E ($5E) and 
$3D ($5D). As the AT90S4414 supports up to 64 kB external SRAM, all 16-bits are used. 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 


$3E ($5E) 


SP15 


SP14 


SP13 


SP12 


SP11 


SP10 


SP9 


SP8 


$3D ($5D) 


SP7 


SP6 


SP5 


SP4 


SP3 


SP2 


SP1 


SPO 




7 


6 


5 


4 


3 


2 


1 





Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




R/W 


R/W 


R/W 


Ft/W 


R/W 


R/W 


R/W 


R/W 


Initial value 





















































The Stack Pointer points to the data SRAM stack area where the Subroutine and Interrupt Stacks are located. This Stack 
space in the data SRAM must be defined by the program before any subroutine calls are executed or interrupts are 
enabled. The Stack Pointer is decremented by one when data is pushed onto the Stack with the PUSH instruction, and it is 
decremented by two when data is pushed onto the Stack with subroutine CALL and interrupt. The Stack Pointer is incre- 
mented by one when data is popped from the Stack with the POP instruction, and it is incremented by two when data is 
popped from the Stack with return from subroutine RET or return from interrupt IRET. 

Reset and Interrupt Handling 

The AT90S4414 provides 12 different interrupt sources. These interrupts and the separate reset vector, each have a sepa- 
rate program vector in the program memory space. All interrupts are assigned individual enable bits which must be set 
(one) together with the l-bit in the status register in order to enable the interrupt. 

The lowest addresses in the program memory space are automatically defined as the Reset and Interrupt vectors. The 
complete list of vectors is shown in Table 2. The list also determines the priority levels of the different interrupts. The lower 
the address the higher is the priority level. RESET has the highest priority, and next is INTO - the External Interrupt Request 
Oetc. 



Table 2. Reset and Interrupt Vectors 



Vector No. 


Program Address 


Source 


Interrupt Definition 


1 


$000 


RESET 


Hardware Pin and Watchdog Reset 


2 


$001 


INTO 

, 


External Interrupt Request 


3 


$002 


INT1 


External Interrupt Request 1 


4 


$003 


TIMER1 CAPT 


Timer/Counterl Capture Event 


5 


$004 


TIMER1 COMPA 


Timer/Counterl Compare Match A 


6 


$005 


TIMER1 COMPB 


Timer/Counterl Compare Match B 


7 


$006 


TIMER1 OVF 


Timer/Counterl Overflow 


8 


$007 


TIMER0.OVF 


Timer/CounterO Overflow 


9 








10 


$009 


UART, RX 


UART, Rx Complete 


11 


$00A 




UART, UDRE 


UART Data Register Empty 


12 


$00 B 


UART, TX 


UART, Tx Complete 


13 






Analog Comparator 



AT90S4414 



The most typical and general program setup for the Reset and Interrupt Vector Addresses are: 



Address 




Labels 


Code 




Comments 


$000 






rjmp 


RESET 


; Reset Handle 


$001 






rjmp 


EXT_INT0 


; IRQ0 Handle 


$002 






rjmp 


EXT_INT1 


; IRQ1 Handle 


$003 






rjmp 


TIM1_CAPT 


; Timerl capture Handle 


$004 






rjmp 


TIM1_C0MPA 


; Timerl compareA Handle 


$005 






rjmp 


TIMl_OVF 


; Timerl overflow Handle 


$006 






rjmp 


TIMl_OVF 


; Timerl overflow Handle 


$007 






rjmp 


TIM0_OVF 


; TimerO overflow Handle 


$008 






rjmp 


SPI_HANDLE 


i SPI TX Handle 


$009 






rjmp 


UART_RXC 


; UART RX Complete Handle 


$00a 






rjmp 


UART_DRE 


; UDR Empty Handle 


$00b 






rjmp 


UART_TXC 


; UART TX Complete Handle 


$00c 






rjmp 


ANA_COMP 


; Analog Comparator Handle 


$00d 




MAIN: 


<instr> 


XXX 


; Main program start 



RESET SOURCES 

The AT90S4414 has three sources of reset: 

• Power-On Reset. The MCU is reset when a supply voltage is applied to the VCC and GND pins. 

• External Reset. The MCU is reset when a low level is present on the RESET pin for more than two XTAL cycles 

• Watchdog Reset. The MCU is reset when the Watchdog timer period expires and the Watchdog is enabled. 



During reset, all I/O registers are then set to their initial values, and the program starts execution from address $000. The 
instruction placed in address $000 must be an RJMP - relative jump - instruction to the reset handling routine. If the pro- 
gram never enables an interrupt source, the interrupt vectors are not used, and regular program code can be placed at 
these locations. The circuit diagram in Figure 26 shows the reset logic. Table 3 defines the timing and electrical parameters 
of the reset circuitry. 



Power-On Reset 
Circuit 



On-Chip 
RC-Oscillator 



14-Stage Ripple Counter 

08 

MINI 



II I I 



INTERNAL RESET 



Figure 26. Reset Logic 



Table 3. Reset Characteristics (V cc = 5.0V) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


VPOT 


Power-On Reset Threshold Voltage 


1.8 


2 


2.2 


V 


Vrst 


RESET Pin Threshold Voltage 








V 


*POR 


Power-On Reset Period 


2 


3 


4 


ms 


'tout 


Reset Delay Time-Out Period 
FSTRT Unprogrammed 


11 


16 


21 


ms 


•tout 


Reset Delay Time-Out Period 
FSTRT Programmed 


1.0 


1.1 


1.2 


ms 



POWER-ON RESET 

A Power-On Reset (POR) circuit ensures that the device is not started until V cc has reached a safe level. As shown in Fig- 
ure 26, an internal timer clocked from the Watchdog timer oscillator prevents the MCU from starting until after a certain 
period after V cc has reached the Power-On Threshold voltage - V P0T , regardless of the V cc rise time (see Figure 27 and 
Figure 28 ). The total reset period is the Power-On Reset period - t P0R + the Delay Time-out period - t X0UT . The FSTRT fuse 
bit in the Flash can be programmed to give a shorter start-up time if a ceramic resonator or any other fast-start oscillator is 
used to clock the MCU. 

As the pin is pulled high by an on-chip resistor, the pin can be left unconnected if no external reset is required. Connecting 
to V cc will have the same effect. By holding the pin low for a period after V cc has been applied, the Power-On Reset period 
can be extended. Refer to Figure 29 for a timing example on this. 



vcc 



RESET 



POR A I 



TIME-OUT 



'tout - 



INTERNAL 
RESET 



Figure 27. MCU Start-Up, RESET Tied to V cc or Unconnected. Rapidly Rising V, 
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RESET 
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TIME-OUT 



INTERNAL 
RESET 
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Figure 28. MCU S 
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TIME-OUT 



INTERNAL 
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Figure 29. MCU Start-Up, RESET Controlled Externally 
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EXTERNAL RESET _____ _____ 

An external reset is generated by a low level on the RESET pin. The RESET pin must be held low for at least two crystal 
clock cycles. When reaches the Reset Threshold Voltage - V RST on its positive edge, the delay timer starts the MCU after 
the Time-out period t T0UT has expired. 



vcc 



RESET 



TIME-OUT 



INTERNAL 
RESET 



\ 







WATCHDOG RESET 

When the Watchdog times out, it will 
pulse, the delay timer starts countii 
dog. 



Figure 30. External Reset During Operation 



a short reset pulse of 1 XTAL cycle duration. On the falling edge of this 
out period t TOUT . Refer to Page 4-43 for details on operation of the Watch- 
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RESET 



WDT 
TIME-OUT 




RESET 
TIME-OUT 
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Figure 31. Watchdog Reset During Operation 

INTERRUPT HANDLING 

The AT90S4414 has two 8-bit Interrupt Mask control registers; GIMSK - General Interrupt Mask register and TIMSK - 
Timer/Counter Interrupt Mask register. 

When an interrupt occurs, the Global Interrupt Enable l-bit is cleared (zero) and all interrupts are disabled. The user soft- 
ware must set (one) the l-bit to enable interrupts. 

When the Program Counter is vectored to the actual interrupt vector in order to execute the interrupt handling routine, hard- 
ware clears the corresponding flag that generated the interrupt. Some of the interrupt flags can also be cleared by writing a 
logic one to the flag bit position(s) to be cleared. 
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THE GENERAL INTERRUPT MASK REGISTER - GIMSK 



Bit 



$3B (S5B) I INT1 



GIMSK 



Read/Write RAW RAW R R R R R R 

initial value 000 000 

Bit 7 - INT1 : External Interrupt Request 1 Enable: 

When the INT1 bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense Contrail bits 1/0 (ISC11 and ISC10) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INT1 pin or level sensed. Activity on the pin will cause an 
interrupt request even if INT1 is configured as an output. The corresponding interrupt of External Interrupt Request 1 is 
executed from program memory address $002. See also "external Interrupts". 

Bit 6 - INTO : External Interrupt Request Enable: 

When the INTO bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense ControlO bits 1/0 (ISC01 and ISCOO) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INTO pin or level sensed. Activity on the pin will cause an 
interrupt request even if INTO is configured as an output. The corresponding interrupt of External Interrupt Request is 
executed from program memory address $001. See also "External Interrupts." 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 and always read as zero. 
THE GENERAL INTERRUPT FLAG REGISTER - GIFR 



Bit 7 6 5 4 3 2 1 

$3A ($5A) | INTF1 | INTFO | - | - | - | - | - | 

Read/Write R/W RAM R R R R R R 

Initial value 000 000 



Bit 7 - INTF1 : External Interrupt Flagl : 

When an event on the INT1 pin triggers an interrupt request, INTF1 becomes set (one). If the l-bit in SREG and the INT1 bit 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $002. The flag is cleared when the interrupt 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 

Bit 6 - INTFO : External Interrupt FlagO: 

When an event on the INTO pin triggers an interrupt request, INTFO becomes set (one). If the l-bit in SREG and the INTO bit 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $001. The flag is cleared when the interrupt 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 and always read as zero. 
THE TIMER/COUNTER INTERRUPT MASK REGISTER - TIMSK 



Bit 


7 


6 


5 


4 


3 


2 


1 





$39 ($59) 


| TOIE1 


OCIE1A 


OCIE1B 




TICIE1 




TOIE0 j 


I 


ReadAWrite 


RAW 


R/W 


RAW 


R 


RAW 


R 


RAW 


R 


Initial value 



























] TIMSK 



Bit 7 - TOIE1 : Timer/CounteM Overflow Interrupt Enable: 

When the TOIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounteM Overflow interrupt is 
enabled. The corresponding interrupt (at vector $006) is executed if an overflow in Timer/Counterl occurs. The Overflow 
Flag (Timer/Counterl) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. When Timer/Counterl is in PWM 
mode, the Timer Overflow flag is set when the counter changes counting direction at $0000. 



iiimEi 



4-29 



Bit 6 ■ OCE1A :Timer/CounteM Output CompareA Match Interrupt Enable: 

When the OCIE1A bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl CompareA Match 
interrupt is enabled. The corresponding interrupt (at vector $004) is executed if a CompareA match in Timer/Counterl 
occurs. The CompareA Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 5 - OCIE1B :Timer/Counter1 Output CompareB Match Interrupt Enable: 

When the OCIE1B bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl CompareB Match 
interrupt is enabled. The corresponding interrupt (at vector $005) is executed if a CompareB match in Timer/Counterl 
occurs. The CompareB Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 4 -Res: Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
Bit 3 - TICIE1 : Timer/Counterl Input Capture Interrupt Enable: 

When the TICIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl Input Capture Event 
Interrupt is enabled. The corresponding interrupt (at vector $003) is executed if a capture-triggering event occurs on pin 31 , 
ICP. The Input Capture Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 2 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
Bit 1 - TOIE0 : Timer/CounterO Overflow Interrupt Enable: 

When the TOIE0 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounterO Overflow interrupt is 
enabled. The corresponding interrupt (at vector $008) is executed if an overflow in Timer/CounterO occurs. The Overflow 
Flag (TimerO) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 



Bit - Res : Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
THE TIMER/COUNTER INTERRUPT FLAG REGISTER - TIFR 



Bit 


7 


6 


5 4 3 2 1 





$38 ($58) 


| TOV1 


OCF1A 


OCIFB ICF1 - TOVO 


I 


Read/Write 


R/W 


R/W 


R/W R R/W R R/W 


R 


Initial value 















Bit7-TOV1 : Timer/Counterl Overflow Flag: 

The TOV1 is set (one) when an overflow occurs in Timer/Counterl. TOV1 is cleared by hardware when executing the cor- 
responding interrupt handling vector. Alternatively, TOV1 is cleared by writing a logic one to the flag. When the l-bit in 
SREG, and TOIE1 (Timer/Counterl Overflow Interrupt Enable), and TOV1 are set (one), the Timer/Counterl Overflow 
Interrupt is executed. In PWM mode, this bit is set when Timer/Counterl changes counting direction at $0000. 

Bit 6 - OCF1A : Output Compare Flag 1A: 

The OCF1A bit is set (one) when compare match occurs between the Timer/Counterl and the data in OCR1A - Output 
Compare Register 1 A. OCF1A is cleared by hardware when executing the corresponding interrupt handling vector. Alterna- 
tively, OCF1A is cleared by writing a logic one to the flag. When the l-bit in SREG, and OCIE1 A (Timer/Counterl Compare 
match InterruptA Enable), and the OCF1A are set (one), the Timer/Counterl Compare match Interrupt is executed. 

Bit 5 - OCF1 B : Output Compare Flag 1 B: 

The OCF1B bit is set (one) when compare match occurs between the Timer/Counterl and the data in OCR1B - Output 
Compare Register 1B. OCF1 is cleared by hardware when executing the corresponding interrupt handling vector. Alterna- 
tively, OCF1 is cleared by writing a logic one to the flag.. When the l-bit in SREG, and OCIE1 B (Timer/Counterl Compare 
match InterruptB Enable), and the OCF1B are set (one), the Timer/Counterl Compare match Interrupt is executed. 

Bit 4 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
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Bit 3 - ICF1 : - Input Capture Flag 1 : 

The ICF1 bit is set (one) to flag an input capture event, indicating that the Timer/CounteM value has been transferred to the 
input capture register - ICR1. ICF1 is cleared by hardware when executing the corresponding interrupt handling vector. 
Alternatively, ICF1 is cleared by writing a logic one to the flag. 

Bit 2 -Res: Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
Bit 1 - TOVO : Timer/CounterO Overflow Flag: 

The bit TOVO is set (one) when an overflow occurs in Timer/CounterO. TOVO is cleared by hardware when executing the 
corresponding interrupt handling vector. Alternatively, TOVO is cleared by writing a logic one to the flag. When the SREG I- 
bit, and TOIE0 (Timer/CounterO Overflow Interrupt Enable), and TOVO are set (one), the Timer/CounterO Overflow interrupt 
is executed. 

Bit - Res : Reserved bit: 

This bit is a reserved bit in the AT90S4414 and always reads zero. 
EXTERNAL INTERRUPTS 

The external interrupts are triggered by the INT1 and INTO pins. Observe that, if enabled, the interrupts will trigger even if 
the INT0/INT1 pins are configured as outputs. This feature provides a way of generating a software interrupt. The external 
interrupts can be triggered by a falling or rising edge or a low level. This is set up as indicated in the specification for the 
MCU Control Register - MCUCR. When the external interrupt is enabled and is configured as level triggered, the interrupt 
will trigger as long as the pin is held low. 

The external interrupts are set up as described in the specification for the MCU Control Register - MCUCR. 
INTERRUPT RESPONSE TIME 

The interrupt execution response for all the enabled AVR interrupts is 4 clock cycles minimum. After the 4 clock cycles the 
program vector address for the actual interrupt handling routine is executed. During this 4 clock cycle period, the Program 
Counter (2 bytes) is pushed onto the Stack, and the Stack Pointer is decremented by 2. The vector is a relative jump to the 
interrupt routine, and this jump takes 2 clock cycles. If an interrupt occurs during execution of a multi-cycle instruction, this 
instruction is completed before the interrupt is served. 

A return from an interrupt handling routine (same as for a subroutine call routine) takes 4 clock cycles. During these 4 clock 
cycles, the Program Counter (2 bytes) is popped back from the Stack, and the Stack Pointer is incremented by 2. When 
AVR exits from an interrupt, it will always return to the main program and execute one more instruction before any pending 
interrupt is served. 

Note that the Status Register - SREG - is not handled by the AVR hardware, neither for interrupts nor for subroutines. For 
the interrupt handling routines requiring a storage of the SREG, this must be performed by user software. 

For Interrupts triggered by events that can remain static (E.g. the Output Compare Registerl A matching the value of 
Timer/Counterl) the interrupt flag is set when the event occurs. If the interrupt flag is cleared and the interrupt condition 
persists, the flag will not be set until the event occurs the next time. 

MCU CONTROL REGISTER - MCUCR 

The MCU Control Register contains control bits for general MCU functions. 



Bit 




7 


6 


5 


4 


3 


2 


1 





$35 ($55) 


1 


SRE 


SRW 


SE 


SM 


ISC11 


ISC10 


ISC01 


ISCOO | 


Read/Write 




R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 





























Bit 7 - SRE : External SRAM Enable: 

When the SRE bit is set (one), the external data SRAM is enabled, and the pin functions ADO-7 (Port A), A8-15 (Port C), 
WR and RTJ (Port D) are activated as the alternate pin functions. Then the SRE bit overrides any pin direction settings in 
the respective data direction registers. See "The SRAM Data Memory - Internal and External" for description of the External 
SRAM pin functions. When the SRE bit is cleared (zero), the external data SRAM is disabled, and the normal pin and data 
direction settings are used. 



Bit 6 - SRW : External SRAM Wait State: 

When the SRW bit is set (one), a one cycle wait state is inserted in the external data SRAM access cycle. When the SRW 
bit is cleared (zero), the external data SRAM access is executed with the normal two cycle scheme. See Figure 24 External 
Data SRAM Memory Cycles without Wait State and Figure 25: External Data SRAM Memory Cycles with Wait State. 

Bit 5 - SE : Sleep Enable; 

The SE bit must be set (one) to make the MCU enter the sleep mode when the SLEEP instruction is executed. To avoid the 
MCU entering the sleep mode unless it is the programmers purpose, it is recommended to set the Sleep Enable SE bit just 
before the execution of the SLEEP instruction. 

■ 

Bit 4 - SM : Sleep Mode: 

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle Mode is selected as Sleep Mode. 
When SM is set (one), Power Down mode is selected as sleep mode. For details, refer to the paragraph "Sleep Modes" 
below. 

Bit 3. 2 - ISC11. ISC10 : Interrupt Sense Control 1 bit 1 and bit 0: 

The External Interrupt 1 is activated by the external pin INT1 if the SREG l-flag and the corresponding interrupt mask in the 
GIMSK is set. The level and edges on the external INT1 pin that activate the interrupt are defined in the following table: 



Table 4. Interrupt 1 Sense Control 



.SC11 


ISC10 


Description 








The low level of INT1 generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INT1 generates an interrupt request. 




1 


1 


The rising edge of 1NT1 generates an interrupt request. 



Note: When changing the ISC1 1/ISC10 bits, INT1 must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 

Otherwise an interrupt can occur when the bits are changed. 



Bit 1 . - ISC01 . ISCOO : Interrupt Sense Control bit 1 and bit 0: 

The External Interrupt is activated by the external pin INTO if the SREG l-flag and the corresponding interrupt mask is set. 
The level and edges on the external INTO pin that activate the interrupt are defined in the following table: 



Table 5. Interrupt Sense Control 



ISC01 


ISCOO 


Description 








The low level of INTO generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INTO generates an interrupt request. 


1 


1 


The rising edge of INTO generates an interrupt request. 



Note: When changing the ISC10/ISC00 bits, INTO must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 

Otherwise an interrupt can occur when the bits are changed. 

Sleep Modes 

To enter the sleep modes, the SE bit in MCUCR must be set (one) and a SLEEP instruction must be executed. If an 
enabled interrupt occurs while the MCU is in a sleep mode, the MCU awakes, executes the interrupt routine, and resumes 
execution from the instruction following SLEEP. The contents of the register file, SRAM and I/O memory are unaltered. If a 
reset occurs during sleep mode, the MCU wakes up and executes from the Reset vector. 

Note that if a level triggered interrupt is used for wake-up from power down, the low level must be held for a time longer 
than the oscillator start-up time of 16 ms. Otherwise, the interrupt flag may return to zero before the MCU starts executing. 
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IDLE MODE 

When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle Mode stopping the CPU but allowing 
Timer/Counters, Watchdog and the interrupt system to continue operating. This enables the MCU to wake up from external 
triggered interrupts as well as internal ones like Timer Overflow interrupt and watchdog reset. If wakeup from the Analog 
Comparator interrupt is not required, the analog comparator can be powered down by setting the ACD-bit in the Analog 
Comparator Control and Status register - ACSR. This will reduce power consumption during Idle Mode. 

POWER DOWN MODE 

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power Down Mode. In this mode, the external 
oscillator is stopped. The user can select whether the watchdog shall be enabled during power-down mode. If the watch- 
dog is enabled, it will wake up the MCU when the Watchdog Time-out period expires. If the watchdog is disabled, only an 
external reset or an external level triggered interrupt can wake up the MCU. 



Timer/ Counters 

The AT90S4414 provides two general purpose Timer/Counters - one 8-bit T/C and one 16-bit T/C. The Timer/Counters 
have individual prescaling selection from the same 10-bit prescaling timer. Both Timer/Counters can either be used as a 
timer with an internal clock timebase or as a counter with an external pin connection which triggers the counting. 

The Timer/Counter Prescaler 

Figure 32 shows the general Timer/Counter prescaler. 





EXTO 
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TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE 

Figure 32. Timer/Counter Prescaler 

The four different prescaled selections are: CK/8, CK/64, CK/256 and CK/1024 where CK is the oscillator clock. For the 
two Timer/Counters, added selections as CK, external source and stop, can be selected as clock sources. 




The 8-Bit Timer/CounterO 

Figure 33 shows the block diagram for Timer/CounterO. 

The 8-bit Timer/CounterO can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/CounterO Control Register - TCCRO. The overflow status flag is found in the 
Timer/Counter Insterrupt Flag Register - TIFR. Control signals are found in the Timer/CounterO Control Register - TCCRO. 
The interrupt enable/disable settings for Timer/CounterO are found in the Timer/Counter Interrupt Mask Register - TIMSK. 

When Timer/CounterO is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 
The 8-bit Timer/CounterO features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities make the Timer/CounterO useful for lower speed functions or exact timing 
functions with infrequent actions. 



T/CO OVER- 
FLOW IRQ 




I Si I 

TIMER INT. MASK 
REGISTER (TIMSK) 




TIMER INT. FLAG 
REGISTER (TIFR) 

I I I I I I 



T/CO CONTROL 
REGISTER (TCCRO) 



TT 



TIMER/COUNTERO 
(TCNTO) 



C CLK SOURCE 



CONTROL 
LOGIC 



Figure 33. Timer/CounterO Block Diagram 
THE TIMER/COUNTERO CONTROL REGISTER - TCCRO 



Bit 




6 


5 


4 


3 


2 


1 







$33 ($53) 


1 


• 1 








| CS02 


CS01 


CSOO 


TCCRO 


Read/Write 


R 


R 


R 


R 


R 


R/W 


R/W 


R/W 




Initial value 





























Bits 7.6 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 and always read zero. 

Bits 2.1.0 - CS02. CS01. CSOO : Clock SelectO. bit 2.1 and 0: 

The Clock SelectO bits 2,1 and define the prescaling source of TimerO. 
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Table 6. Clock Prescale Select 



CS02 


CS01 


csoo 


Description 











Stop, the Timer/CounterO is stopped. 








1 


CK 





1 





CK/8 





1 


• r 


CK/64 


1 








CK / 256 


1 





1 


CK/1024 


1 


1 





External Pin TO, falling edge 


1 


1 


1 


External Pin TO, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual data direction 
control register (cleared to zero gives an input pin). 

THE TIMER COUNTER - TCNTO 



Bit 

$32 ($52) 
Read/Write 
Initial value 



R/W 





R/W 





R/W 




R/W 




R/W 




R/W 




TCNTO 



The Timer/CounterO is realized as an up-counter with read and write access. If the Timer/CounterO is written and a clock 
source is present, the Timer/CounterO continues counting in the clock cycle following the write operation. 



The 16-Bit Timer/CounteM 

Figure 34 shows the block diagram for Timer/CounteM . 



«« — ► 



T/C1 OVER- T/C1 COMPARE T/C1 COMPARE T/C1 INPUT 
FLOW IRQ MATCHA IRQ MATCHB IRQ CAPTURE IRQ 



TIMER INT. MASK 
REGISTER (TIMSK) 



II 



■ el i 



TIMER INT FLAG 
REGISTER (TIFR) 



T/C1 CONTROL 
REGISTER A (TCCR1A) 



T/C1 INPUT CAPTURE REGISTER (ICR1) 



Ml 



T/C1 CONTROL 
REGISTER B(TCCR1B) 



"ff 



CONTROL 
LOGIC 



TIMER/COUNTER1 (TCNT1) 



T/C CLOCK SOURCE 



16 BIT COMPARATOR 



8' '7 



16 BIT COMPARATOR 



TIMER/COUNTER! OUTPUT COMPARE REGISTER A 



TIMER/COUNTER1 OUTPUT COMPARE REGISTER B 



Figure 34. Timer/CounteM Block Diagram 



The 16-bit Timer/CounteM can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/CounteM Control Registers - TCCR1A and TCCR1B. The different status 
flags (overflow, compare match and capture event) and control signals are found in the Timer/CounteM Control Registers - 
TCCR1A and TCCR1B. The interrupt enable/disable settings for Timer/CounteM are found in the Timer/Counter Interrupt 
Mask Register -TIMSK. 

When Timer/CounteM is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 

The 16-bit Timer/CounteM features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities makes the Timer/CounteM useful for lower speed functions or exact timing 
functions with infrequent actions. 

The Timer/CounteM supports two Output Compare functions using the Output Compare Register 1 A and B - OCR1 A and 
OCR1B as the data sources to be compared to the Timer/CounteM contents. The Output Compare functions include 
optional clearing of the counter on compareA match, and actions on the Output Compare pins on both compare matches. 
Timer/CounteM can also be used as a 8, 9 or 10-bit Pulse With Modulator. In this mode the counter and the OCR1A/ 
OCR1B registers serve as a dual glitch-free stand-alone PWM with centered pulses. Refer to Page 4-41 for a detailed 
description on this function. 
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The Input Capture function of Timer/Counteii provides a capture of the Timer/Counterl contents to the Input Capture Reg- 
ister - ICR1 , triggered by an external event on the Input Capture Pin - ICP. The actual capture event settings are defined by 
the Timer/Counterl Control Register - TCCR1 B. In addition, the Analog Comparator can be set to trigger the Input Capture. 
Refer to the section, "The Analog Comparator", for details on this. The ICP pin logic is shown in Figure 35. 



♦-ICF1 




ACIC: COMPARATOR IC ENABLE 
ACO: COMPARATOR OUTPUT 



Figure 35. ICP Pin Schematic Diagram 
The Timer/Counterl input capture noise canceler block diagram is shown in Figure 36. 




Figure 36. The Input Capture Noise Canceler 

If the noise canceler function is enabled, the actual trigger condition for the capture event is monitored over 4 samples 
before the capture is activated. The input pin signal is sampled at XTAL clock frequency. 

THE TIMER/COUNTER1 CONTROL REGISTER A - TCCR1A 



Bit 




7 


6 


5 


4 


3 


2 


1 





$2F ($4F) 


I 


C0M1A1 


COM1A0 


C0M1B1 


COM1B0 






| PWM11 


PWM10 | 


Read/Write 




R/W 


R/W 


R/W 


R/W 


R 


R 


R/W 


R/W 


Initial value 





























Bits 7.6 - COM1 A1 , C0M1 AO : Compare Output Model A. bits 1 and 0: 

The COM1A1 and COM1A0 control bits determine any output pin action following a compare match in Timer/Counterl. 
Any output pin actions affect pin OC1 A - Output CompareA pin 1 . Since this is an alternative function to an I/O port, the cor- 
responding direction control bit must be set (one) to control an output pin. The control configuration is shown in Table 7. 

Bits 5.4 - COM1 B1 . COM1 BO : Compare Output Model B. bits 1 and 0: 

The COM1B1 and COM1B0 control bits determine any output pin action following a compare match in Timer/Counterl. 
Any output pin actions affect pin OC1B - Output CompareB. Since this is an alternative function to an I/O port, the corre- 
sponding direction control bit must be set (one) to control an output pin. The following control configuration is given: 

Table 7. Compare 1 Mode Select 



COM1X1 


COM1X0 


Description 








Timer/CounteM disconnected from output pin OC1X 





1 


Toggle the OC1X output line. 


1 





Clear the OC1X output line (to zero). 


1 


1 


Set the OC1X output line (to one). 



: A or B 

In PWM mode, these bits have a different function. Refer to Table 11 for a detailed description. 
When changing the COM1X1/COM1X0 bits, Output Compare Interrupts 1 must be disabled by clearing their Inter- 
rupt Enable bits in the TIMSK Register. Otherwise an interrupt can occur when the bits are changed. 



Bits 3..2 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 ; 



I zero. 



Bits 1..0 - PWM11. PWM10: Pulse Width Modulator Select Bits: 

These bits select PWM operation of Timer/Counterl as specified in Table 8. This mode is described on Page 4-41. 
Table 8. PWM Mode Select 



PWM11 


PWM 10 


Description 








PWM operation of Timer/Counterl is disabled 





1 


Timer/Counterl is an 8-bit PWM 


1 





Timer/Counterl is a 9-bit PWM 


1 


1 


Timer/Counterl is a 10-bit PWM 





THE TIMER/COUNTER1 CONTROL REGISTER B - TCCR1B 



Bit 7 

$2E ($4E) | ICNC1 
Read/Write R/W 
Initial value 



R/W 




R/w 





R/W 




TCCR1B 



R/W 





R/W 




Bit 7 - ICNC1 : Input Capturel Noise Canceler (4 CKs): 

When the ICNC1 bit is cleared (zero), the input capture trigger noise canceler function is disabled. The input capture is trig- 
gered at the first rising/falling edge sampled on the ICP - input capture pin - as specified. When the ICNC1 bit is set (one), 
four successive samples are measures on the ICP - input capture pin, and all samples must be high/low according to the 
input capture trigger specification in the ICES1 bit. The actual sampling frequency is XTAL clock frequency. 
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Bit 6 - ICES1 : Input Capturel Edge Select: 

While the ICES1 bit is cleared (zero), the Timer/Counterl contents are transferred to the Input Capture Register - ICR1 - on 
the falling edge of the input capture pin - ICP. While the ICES1 bit is set (one), the Timer/Counterl contents are transferred 
to the Input Capture Register - ICR1 - on the rising edge of the input capture pin - ICP. 

Bits 5. 4 - Res : Reserved bits: 



These bits are reserved bits in the AT90S4414 and always read zero. 



Bit 3 - CTC1 : Clear Timer/Counterl on Compare m 

When the CTC1 control bit is set (one), the Timer/Counterl is reset to $0000 in the clock cycle after a compareA match. If 
the CTC1 control bit is cleared, the Timer/Counterl continues counting until it is stopped, cleared, wraps around (overflow) 
or changes direction. In PWM mode, this bit has no effect. 

Bits 2.1 .0 - CS1 2. CS1 1 . CS1 : Clock Selectl . bit 2.1 and 0: 

The Clock Selectl bits 2,1 and define the prescaling source of Timer/Counterl. 

Table 9. Clock 1 Prescale Select 



CS12 


CS11 


CS10 


Description 











Stop, the Timer/Counterl is stO| 


iped. 














1 


CK 













1 





CK/8 













1 


1 


CK/64 


1 








CK / 256 


1 





1 


CK/1024 










1 


1 





External Pin T1, falling edge 










1 


1 


1 


External Pin T1, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual direction con- 
trol register (cleared to zero gives an input pin). 

THE TIMER/COUNTER1 - TCNT1H AND TCNT1L 



Bit 


15 


14 


13 


12 


11 


10 


9 




8 


$2D ($4D) 
$2C ($4C) 


MSB 


























LSB 




7 


6 


5 


4 


3 


2 


1 







Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




R/W 




R/W 


WW 


R/W 


RMI 


R/W 


R/W R/W 


R/W 


Initial value 



















































TCNT1H 
TCNT1L 



This 16-bit register contains the prescaled value of the 16-bit Timer/Counterl. To ensure that both the high and low bytes 
are read and written simultaneously when the CPU accesses these registers, the access is performed using an 8-bit tem- 
porary register (TEMP). 

• TCNT1 Timer/Counterl Write: 

When the CPU writes to the high byte TCNT1H, the written data is placed in the TEMP register. Next, when the CPU 
writes the low byte TCNT1L, this byte of data is combined with the byte data in the TEMP register, and all 16 bits are 
written to the TCNT1 Timer/Counterl register simultaneously. Consequently, the high byte TCNT1H must be accessed 
first for a full 16-bit register write operation. 



• TCNT1 Timer/Counterl Read: 

When the CPU reads the low byte TCNT1L, the data of the low byte TCNT1L is sent to the CPU and the data of the 
high byte TCNT1H is placed in the TEMP register. When the CPU reads the data in the high byte TCNT1H, the CPU 
receives the data in the TEMP register. Consequently, the low byte TCNT1 L must be accessed first for a full 16-bit reg- 
ister read operation. 

The Timer/Counterl is realized as an up or up/down (in PWM mode) counter with read and write access. If Timer/Counterl 
is written to and a clock source is selected, the Timer/Counterl continues counting in the timer clock cycle after it is preset 
with the written value. 

TIMER/COUNTER1 OUTPUT COMPARE REGISTER - OCR1AH AND OCR1AL 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 






$2B ($4B) 


MSB 
















OCR 1 AH 




$2A ($4A) 
















LSB 


0CR1AL 




Read/Write 


7 
R/W 
R/W 






6 
RAW 
RAW 


5 
RAN 
RAW 






4 

R/W 
RA/V 






3 
RAW 
RAW 






2 
RAW 
RAW 






1 

RAW 
R/W 







RAW 
RAW 




Initial value 














riMER/COUNTERI OUTPUT COMPARE REGISTER - OCR1BH AND OCR1BL 








Bit 


15 


14 


13 


12 


11 


10 


9 


8 






$29 ($49) 


MSB 
















OCR1BH 




$28 ($48) 
















LSB 


OCR1BL 




Read/Write 
Initial value 


7 
R/W 
RAW 



.0 


6 
RAW 
R/W 






5 
RAW 
RAW 





4 

RAW 
RAW 






3 
RAW 
RAW 






2 
RAW 
RAW 






1 

RAW 
RAW 






RAW 
RAW 











The output compare registers are 16-bit read/write registers. 

The Timer/Counterl Output Compare Registers contain the data to be continuously compared with Timer/Counterl. 
Actions on compare matches are specified in the Timer/Counterl Control and Status register. 

Since the Output Compare Registers - OCR1A and OCR1B - are 16-bit registers, a temporary register TEMP is used when 
OCR1A/B are written to ensure that both bytes are updated simultaneously. When the CPU writes the high byte, OCR1 AH 
or OCR1BH, the data is temporarily stored in the TEMP register. When the CPU writes the low byte, OCR1AL or OCR1BL, 
the TEMP register is simultaneously written to OCR1AH or OCR1BH. Consequently, the high byte OCR1AH or OCR1BH 
must be written first for a full 1 6-bit register write operation. 

THE TIMER/COUNTER1 INPUT CAPTURE REGISTER - ICR1H AND ICR1L 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 






$25 ($45) 
$24 ($44) 


MSB 








ICR1H 
ICR1L 








LSB 




7 


6 


5 


4 


3 


2 


1 









ReadAWrite 


R 


R 


R 


R 


R 


R 


R 


R 








R 


R 




9 


R 


I 


R 


R 






Initial value 















































o 













The input capture register is a 16-bit read-only register. 
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When the rising or falling edge (according to the input capture edge setting - ICES1) of the signal at the input capture pin - 
ICP - is detected, the current value of the Timer/Counterl is transferred to the Input Capture Register - ICR1 . At the same 
time, the input capture flag - ICF1 - is set (one). 

Since the Input Capture Register - ICR1 - is a 16-bit register, a temporary register TEMP is used when ICR1 is read to 
ensure that both bytes are read simultaneously. When the CPU reads the low byte ICR1L, the data is sent to the CPU and 
the data of the high byte ICR1H is placed in the TEMP register. When the CPU reads the data in the high byte ICR1H, the 
CPU receives the data in the TEMP register. Consequently, the low byte ICR1L must be accessed first for a full 16-bit reg- 
ister read operation. 

TIMER/COUNTER1 IN PWM MODE 

When the PWM mode is selected, Timer/Counterl and the Output Compare RegisteM A - OCR1A and the Output Compare 
RegisteMB - OCR1B, form a dual 8, 9 or 10-bit, free-running, glitch-free and phase correct PWM with outputs on the 
PD5(OC1A) and OC1B pins. Timer/Counterl acts as an up/down counter, counting up from $0000 to TOP (see Table 10) , 
when it turns and counts down again to zero before the cycle is repeated. When the counter value matches the contents of 
the 10 least significant bits of OCR1A orOCRIB, the PD5(OC1A)/OC1B pins are set or cleared according to the settings of 
the COM1A1/COM1A0 or COM1B1/COM1B0 bits in the Timer/Counterl Control Register TCCR1 A. Refer to Table 11 for 
details. 



Table 10. Timer TOP Values and PWM Frequency 



PWM 
Resolution 


Timer TOP value 


Frequency 












8-bit 


S00FF (255) 


f TC1 /510 


9-bit 


$01 FF (511) 


f TC1 /1022 












10-bit 


$03FF(1023) 


f TC1 /2046 















Table 11. Comparel Mode Select in PWM Mode 



COM1X1 


COM 1X0 


Effect on OCX1 








Not connected 







1 


Not connected 


1 





Cleared on compare match, upcounting. Set on compare match, downcounting (non-inverted 
PWM). 


1 


1 


Cleared on compare match, downcounting. Set on compare match, upcounting (inverted PWM). 



Note: X = A or B 



VllillEL 



Note that in the PWM mode, the 10 least significant OCR1A/OCR1B bits, when written, are transferred to a temporary loca- 
tion. They are latched when Timer/Counterl reaches the value TOP. This prevents the occurrence of odd-length PWM 
pulses (glitches) in the event of an unsynchronized OCR1A/OCR1B write. See Figure 37 for an example. 



Compare Value changes 

Counter Value 
Compare Value 

J I I l_ PWM Output OC1X 
Synchronized OCR1X Latch 

Compare Value changes 





Unsynchronized OCR1X Latch 



Glitch 



Counter Value 
Compare Value 



PWM Output OC1X 



Note: X = A or B 



Figure 37. Effects on Unsynchronized OCR1 Latching 



When OCR1 contains $0000 or TOP, the output OC1A/OC1B is held low or high according to the settings of COM1A1/ 
COM1A0 orCOM1B1/COM1B0. This is shown in Table 12: 



Table 12. PWM Outputs OCR1X = $0000 or TOP 



COM1X1 


COM1X0 


OCR1X 


Output OC1X 










1 





$0000 


L 


1 





TOP 


H 










1 


1 


$0000 


H 














1 


1 


TOP 


L 



Note: X = A or B 



In PWM mode, the Timer Overflow Flagl, TOV1, is set when the counter changes direction at $0000. Timer Overflow 
Interruptl operates exactly as in normal Timer/Counter mode, i.e. it is executed when TOV1 is set provided that Timer 
Overflow Interruptl and global interrupts are enabled. This does also apply to the Timer Output Comparel flags and inter- 
rupts. 
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The Watchdog Timer 

The Watchdog Timer is clocked from a separate on-chip oscillator which runs at 1 MHz This is the typical value at V cc = 5V. 
See characterization data for typical values at other V cc levels. By controlling the Watchdog Timer prescaler, the Watchdog 
reset interval can be adjusted from 16 to 2048 ms. The WDR - Watchdog Reset - instruction resets the Watchdog Timer. 
Eight different clock cycle periods can be selected to determine the reset period. If the reset period expires without another 
Watchdog reset, the AT90S441 4 resets and executes from the reset vector. For timing details on the Watchdog reset, refer 
to Page 4-28. 



To prevent unintentional disabling of the watchdog, a special turn-off secuence must be followed when the watchdog is dis- 
abled. Refer to the description of the Watchdog Timer Control Regiter for details 



1 MHzOSC 



WATCHDOG 
RESET " 



WATCHDOG 
PRESCALER 



WDP0- 
WDP1 - 
WDP2- 
WDE - 



537 




MCU RESET 



THE WATCHDOG TIMER CONTROL REGISTER - WDTCR 

7 6 5 4 3 



Bit 
$21 ($41) 
Read/Write 
Initial value 



WDTTOE 



WDE 



R/W 




R/W 




R/W 





R/W 




R/W 





Bits 7..5 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 and will always read as zero. 
Bit 4 - WDTOE : Watch Dog Turn-Off Enable: 

This bit must be set (one) when the WDE bit is cleared. Otherwise, the watchdog will not be disabled. Once set, hardware 
will clear this bit to zero after four clock cycles. Refer to the description of the WDE bit for a watchdog disable procedure. 

Bit 3 - WDE : Watch Dog Enable: 

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared (zero) the Watchdog Timer function 
is disabled. WDE can only be cleared if the WDTOE bit is set(one). To disable an enabled watchdog timer, the following 
procedure must be followed: 

n to WDE even though it is 



1 . In the same operation, write a logical one to WDTOE and WDE. 
set to one before the disable operation starts. 

2. Within the next four clock cycles, write a logical to WDE. This disables the watchdog. 



Bits 2..0 - WDP2. WDP1. WDPO : Watch Dog Timer Prescaler 2. 1 and 0: 

The WDP2, WDP1 and WDPO bits determine the Watchdog Timer prescaling when the Watchdog Timer is enabled. The 
different prescaling values and their corresponding Timeout Periods are shown in Table 13. 

Table 13. Watch Dog Timer Prescale Select (Typical Values at V cc = 5V) 



WDP2 


WDP1 


WDPO 


Timeout Period 











16 ms 








1 


32 ms 





1 





64 ms 





1 


1 


128 ms 


1 








256 ms 


1 





1 


512 ms 


1 


1 





1024 ms 


1 


1 


1 


2048 ms 



EEPROM Read/Write Access 

The EEPROM access registers are accessible in the I/O space. 

The write access time is in the range of 2.5 - 4ms, depending on the V cc voltages. A self-timing function, however, lets the 
user software detect when the next byte can be written. An EEPROM brown-out detection prevents writing to the EEPROM 
if V cc is below a certain level. 

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed. Refer to the description of 
the EEPROM Control Register for details on this. 

When the EEPROM is read or written, the CPU is halted for two clock cycles before the next instruction is executed. 
THE EEPROM ADDRESS REGISTER - EEAR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$1E($3E) 


| EEAR7 


EEAR6 


EEAR5 


EEAR4 


EEAR3 


EEAR2 


EEAR1 


EEARO | 


Read/Write 


R/W 


R/W 




n/vv 


R/W 


R/W 


R/W 


R/W 


Initial value 



























The EEPROM Address Registers - EEARH and EEARL specify the EEPROM address in the 256 bytes EEPROM space. 
The EEPROM data bytes are addressed linearly between and 255. 

THE EEPROM DATA REGISTER - EEDR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$1D ($3D) 


MSB 






I 








LSB 


Read/Write 
Initial value 


R/W 



R/W 




R/W 



R/W 






R/W 



R/W 



R/W 




Bits 7..0 - EEDR7..0 : EEPROM Data: 

For the EEPROM write operation, the EEDR register contains the data to be written to the EEPROM in the address given 
by the EEAR register. For the EEPROM read operation, the EEDR contains the data read out from the EEPROM at the 
address given by EEAR. 
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THE EEPROM CONTROL REGISTER - EECR 

7 6 5 4 



Bit 

$1C ($3C) 
Read/Write 
Initial value 



■ 

2 1 

EEMWE | EEWE | EERE | EECR 



R/W 





R/W 




R/W 




Bit 7..3 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and will always read as zero. 
Bit 2 - EEMWE : EEPROM Master Write Enable: 

The EEMWE bit determines whether setting EEWE to one causes the EEPROM to be written. When EEMWE is set(one) 
setting EEWE will write data to the EEPROM at the selected address If EEMWE is zero, setting EEWE will have no effect. 
When EEMWE has been set (one) by software, hardware clears the bit to zero after four clock cycles. See the description 
of the EEWE bit for a EEPROM write procedure. 

Bit 1 - EEWE : EEPROM Write Enable: 

The EEPROM Write Enable Signal EEWE is the write strobe to the EEPROM. When address and data are correctly set up, 
the EEWE bit must be set to write the value into the EEPROM. The EEMWE bit must be set when the logical one is written 
to EEWE, otherwise no EEPROM write takes place. The following procedure should be followed when writing the 
EEPROM (the order of steps 2 and 3 is unessential): 

1 . Wait until EEWE becomes zero. 

2. Write new EEPROM address to EEAR (optional) 

3. Write new EEPROM data to EEDR (optional) 

4. Write a logical one to the EEMWE bit in EECR 

5. Within four clock cycles after setting EEMWE, write a logical one to EEWE. 
When the write access time (typically 2.5 ms at V cc = 5V or 4 ms at V cc = 2.7V) has elapsed, the EEWE bit is cleared 
(zero) by hardware. The user software can poll this bit and wait for a zero before writing the next byte. When EEWE has 
been set, the CPU is halted for two cycles before the next instruction is executed. 

Bit - EERE : EEPROM Read Enable: 

The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address is set up in the 
EEAR register, the EERE bit must be set. When the EERE bit is cleared (zero) by hardware, requested data is found in the 
EEDR register. The EEPROM read access takes one instruction and there is no need to poll the EERE bit. When EERE 
has been set, the CPU is halted for two cycles before the next instruction is executed. 

The user should poll the EEWE bit before starting the read operation. If a write operation is in progress when new data or 
address is written to the EEPROM I/O registers, the write operation will be interrupted, and the result is undefined. 



The Serial Peripheral Interface - SPI 

The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer between the AT90S4414 and peripheral 
devices or between several AT90S4414 devices. The AT90S4414 SPI features include the following: 



Full-Duplex, 3-Wire Synchronous Data Transfer 
Master or Slave Operation 
5 Mbit/s Bit Frequency (max.) 
LSB First or MSB First Data Transfer 
Four Programmable Bit Rates 
End of Transmission Interrupt Flag 
Write Collision Flag Protection 
Wakeup from Idle Mode (Slave Mode 



XTAL 



DIVIDER 
-4+16-64+128 





MSB LSB 




8 BIT SHIFT REGISTER 


* 




READ DATA BUFFER 









SELECT 



SPI CLOCK (MASTER 



SPI CONTROL 



Ol D 



SPI STATUS REGISTER 



MSTR 



3PE 



CLOCK 



CLOCK 
LOGIC 



SPI CONTROL REGISTER 




SPI INTERRUPT 
REQUEST 



INTERNAL 
DATA BUS 



Figure 39. SPI Block Diagram 
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The interconnection between master and slave CPUs with SPI is shown in Figure 40. The PB7(SCK) pin is the clock output 
in the master mode and is the clock input in the slave mode. Writing to the SPI data register of the master CPU starts the 
SPI clock generator, and the data written shifts out of the PB5(MOSI) pin and into the PB5(MOSI) pin of the slave CPU. 
After shifting one byte, the SPI clock generator stops, setting the end of transmission flag (SPIF). If the SPI interrupt enable 
bit (SPIE) in the SPCR register becomesset, an interrupt is requested. The Slave Select input, PB4(55), is set low to select 
an individual SPI device as a slave. The two shift registers in the Master and the Slave can be considered as one distrib- 
uted 16-bit circular shift register. This is shown in Figure 40. When data is shifted from the master to the slave, data is also 
shifted in the opposite direction, simultaneously. This means that during one shift cycle, data in the master and the slave 
are interchanged. 



MSB MASTER LSB 



8 BIT SHIFT REGISTER 



SPI 

CLOCK GENERATOR 



MISO MISO; 
it- 



MSB 



SLAVE LSB 



8 BIT SHIFT REGISTER 



:mosi mosi: 



; 



:SCK SCK; 



STErVi 




iss 



SSi 



Figure 40. SPI Master-Slave Interconnection 



The system is single buffered in the transmit direction and double buffered in the receive direction. This means that charac- 
ters to be transmitted cannot be written to the SPI Data Register before the entire shift cycle is completed. When receiving 
data, however, a received character must be read from the SPI Data Register before the next character has been com- 
pletely shifted in. Otherwise, the first character is lost. 

When the SPI is enabled, the data direction of the MOSI, MISO, SCK and 55 pins is overriden according to the following 
table: 



Table 14. SPI Pin Overrides 



Pin 


Direction, Master SPI 


Direction, Slave SPI 


MOSI 


User Defined 


Input 


MISO 


Input 


User Defined 


SCK 


User Defined 


Input 


ss 


User Defined 


Input 







55 Pin Functionality 

When the SPI is configured as a master (MSTR in SPCR is set), the user can determine the direction of the 55 pin. If 55 is 
configured as an output, the pin is a general output pin which does not affect the SPI system. If 55 is configured as an 
input, it must be hold high to ensure Master SPI operatin. If, in master mode, the 55 pin is input, and is driven low by 
peripheral circuitry, the SPI system interpretes this as that another master selects the SPI as a slave and will start sending 
data to it. To avoid bus contention, the SPI system takes the following actions: 

1. The MSTR bit in SPCR is cleared and the SPI system becomes a slave. As a result of the SPI becoming a slave, the 
MOSI and SCK pins become inputs. 

2. The SPIF flag in SPSR is set, and if the SPI interrupt is enabled, the interrupt routine will be executed. 
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Thus, when interrupt-driven SPI transmittal is used in master mode, and there exists a possibility that SS is driven low, the 
interrupt should always check that the MSTR bit is still set. Once the MSTR bit has been cleared by a slave select, it must 
be set by the user. 

When the SPI is configured as a slave, the SB" is always input. When SB" is held low, the SPI is activated and MISO 
becomes an output if configured so by the user. All other pins are inputs When 55 is driven low, all pins are inputs, and the 
SPI is passive, which means that it will not receive incoming data. 

Data Modes 

There are four combinations of SCK phase and polarity with respect to serial data, which are determined by control bits 
CPHA and CPOL. The SPI data transfer formats are shown in Figure 41 and Figure 42. 

SCK CYCLE # 
(FOR REFERENCE) 

SCK (CPOL=0) 
SCK (CPOL=1) 
MOSI 

(FROM MASTER) 

MISO 
(FROM SLAVE) 

SS (TO SLAVE) 



' Not defined but normally MSB of character just received 

Figure 41. SPI Transfer Format with CPHA = 




SCK CYCLE # 
(FOR REFERENCE) 

SCK (CPOL=0) 
SCK (CPOL=1) 
MOSI 

(FROM MASTER) 

MISO 
(FROM SLAVE) 

SS (TO SLAVE) 



1 


2 


3 


4 


5 


6 


7 


8 




/-4 


Ai 












i 



6 


X 


5 


X 4 


X 


3 


X 


2 


X 




LSB > 


I 






I 

















' Not defined but normally LSB of previously transmitted character 

■ Format with CPHA = 1 
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THE SPI CONTROL REGISTER - SPCR 



Bit 


7 


6 


5 


4 


3 


2 


1 







SOD <$2D) 


| SP,E 


SPE 


DORD 


MSTR 


CPOL 


CPHA 


SPR1 


SPRO | SPCR 




Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 

















1 










Bit 7 - SPIE 


SPI Interrupt Enable: 















This bit causes setting of the SPIF bit in the SPSR register to execute the SPI interrupt provided that global interrupts are 
enabled. 



Bit 6 ■ SPE : SPI Enable; 

When the SPE bit is set (one), the SPI is enabled. This bit must be set to enable any SPI operations. 
Bit 5 - DORD : Data ORDer: 

When the DORD bit is set (one), the LSB of the data word is transmitted first. 
When the DORD bit is cleared (zero), the MSB of the data word is transmitted first. 

Bit 4 - MSTR : Master/Slave Select: 

This bit selects Master SPI mode when set (one), and Slave SPI mode when cleared (zero). If 55 is configured as an input 
and is driven low whil MSTR is set, MSTR will be cleared, and SPIF in SPSR will become set. The user will then have to set 
MSTR to re-enable SPI master mode. 

Bit 3 - CPOL : Cl o ck PQLarity : 

When this bit is set (one), SCK is high when idle. When CPOL is cleared (zero), SCK is low when idle. Refer to Figure 41 
and Figure 42 for additional information. 




Bit 2 - CPHA : Clock PHAse: 

Refer to Figure 41 or Figure 42 for the functionality of this bit. 



Bits 1 ,0 - SPR1 , SPRO : SPI Clock Rate Select 1 and Q: 

These two bits control the SCK rate of the device configured as a master. SPR1 and SPR2 have no effect on the slave. The 
relationship between SCK and the Oscillator Clock frequency f cl is shown in the following table: 



Table 15. Relationship Between SCK and the Oscillator Frequency 



SPR1 


SPRO 


SCK Frequency 








u* 





1 


f c| /l6 


1 





fcl ' 64 


1 


1 


f c ,/ 128 



THE SPI STATUS REGISTER - SPSR 

7 6 5 



Bit 

$OE ($2E) 
Read/Write 
Initial value 



SPIF 



WCOL 



Bit 7 - SPIF : SPI Interrupt Flag : 

When a serial transfer is complete, the SPIF bit is set (one) and an interrupt is generated if SPIE in SPCR is set (one) and 
global interrupts are enabled. If 55 is an input and is driven low when the SPI is in master mode, this will also set the SPIF 



iflmET 



flag. SPIF is cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, the SPIF bit is 
cleared by first reading the SPI status register with SPIF set (one), then accessing the SPI Data Register (SPDR). 

Bit 6 - WCOL : Write COLIision flag: 

The WCOL bit is set if the SPI data register (SPDR) is written during a data transfer. During data transfer, the result of read- 
ing the SPDR register may be incorrect, and writing to it will have no effect. The WCOL bit (and the SPIF bit) are cleared 
(zero) by first reading the SPI Status Register with WCOL set (one), and then accessing the SPI Data Register. 

Bit 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S4414 and will always read as zero. 

The SPI interface on the AT90S4414 is also used for program memory and EEPROM downloading or uploading. See Page 
4-78 for serial programming and verification. 

THE SPI DATA REGISTER - SPDR 



Bit 


7 


6 


5 


4 


3 


2 


1 







$0F ($2F) 


MSB 














LSB 


I 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 





























] SPDR 



The SPI Data Register is a read/write register used for data transfer between the register file and the SPI Shift register. 
Writing to the register initiates data transmission. Reading the register causes the Shift Register Receive buffer to be read. 

The UART 

The AT90S441 4 features a full duplex Universal Asynchronous Receiver and Transmitter (UART). The main features are: 

• Baud rate generator generates any baud rate 

• High baud rates at low XTAL frequencies 

• 8 or 9 bits data 

• Noise filtering 

• Overrun detection 

• Framing Error detection 

• False Start Bit detection 

• Three separate interrupts on TX Complete, TX Data Register Empty and RX Complete 
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Data Transmission 

A block schematic of the UART transmitter is shown in Figure 43. 

DATA BUS 



< 










» 




*■ 


XTAL— *• 


BAUD RATE 


BAUD X 16 


/16 




UART I/O DATA 
REGISTER (UDR) 




GENERATOR 









SHIFT ENABLE 



CONTROL LOGIC 



IDLE 



n BAUD > > 10(11)-BITTX 
SHIFT REGISTER 



UART CONTROL 
REGISTER (UCR) 



PIN CONTROL 
LOGIC 



I I I 



UART STATUS 
REGISTER (USR) 



1 r DATA BUS 



PD1 



TXC UDRE 
IRQ IRQ 



Figure 43. UART Transmitter 

Data transmission is initiated by writing the data to be transmitted to the UART I/O Data Register, UDR. Data is transferred 
from UDR to the Transmit shift register when: 

• A new character has been written to UDR after the stop bit from the previous character has been shifted out. The shift 
register is loaded immediately. 

• A new character has been written to UDR before the stop bit from the previous character has been shifted out. The shift 
register is loaded when the stop bit of the character currently being transmitted has been shifted out. 

If the 10(11)-bit Transmitter shift register is empty or when, data is transferred from UDR to the shift register. At this time 
the UDRE (UART Data Register Empty) bit in the UART Status Register, USR, is set. When this bit is set (one), the UART 
is ready to receive the next character. At the same time as the data is transferred from UDR to the 10(1 1)-bit shift register, 
bit of the shift register is cleared (start bit) and bit 9 or 10 is set (stop bit). If 9 bit data word is selected (the CHR9 bit in the 
UART Control Register, UCR is set), the TXB8 bit in UCR is transferred to bit 9 in the Transmit shift register. 



On the Baud Rate clock following the transfer operation to the shift register, the start bit is shifted out on the TXD pin. Then 
follows the data, LSB first. When the stop bit has been shifted out, the shift register is loaded if any new data has been writ- 
ten to the UDR during the transmission. During loading, UDRE is set. If there is no new data in the UDR register to send 
when the stop bit is shifted out, the UDRE flag will remain set until UDR is written again. When no new data has been writ- 
ten, and the stop bit has been present on TXD for one bit length, the TX Complete Flag, TXC, in USR is set. 

The TXEN bit in UCR enables the UART transmitter when set (one). By clearing this bit (zero), the PD1 pin can be used for 
general I/O. When TXEN is set, the UART Transmitter will be connected to the PD1 pin regardless of the setting of the 



DDD1 bit in DDRB. 



Data Reception 

Figure 44 shows a block diagram of the UART Receiver 

DATA BUS 



XTAL- 



BAUD RATE 
GENERATOR 



BAUD X 16 
• »• 



PIN CONTROL 
LOGIC 



PDO 






RXD 








I 


i 



UART I/O DATA 
REGISTER (UDR) 



DATA RECOVERY 
LOGIC 



10(11)-BITRX 
SHIFT REGISTER 



5 



UART CONTROL 
REGISTER (UCR) 



UART STATUS 
REGISTER (USR) 



> r DATA BUS 



RXC 
IRQ 



Figure 44. UART Receiver 

The receiver front-end logic samples the signal on the RXD pin at a frequency 1 6 times the baud rate. While the line is idle, 
one single sample of logical zero will be interpreted as the falling edge of a start bit, and the start bit detection sequence is 
initiated. Let sample 1 denote the first zero-sample. Following the 1 to O-transition, the receiver samples the RXD pin at 
samples 8, 9 and 10. If two or more of these three samples are found to be logical ones, the start bit is rejected as a noise 
spike and the receiver starts looking for the next 1 to O-transition. 



AT90S4414 



If however, a valid start bit is detected, sampling of the data bits following the start bit is performed. These bits are also 
sampled at samples 8, 9 and 10. The logical value found in at least two of the three samples is taken as the bit value. All 
bits are shifted into the transmitter shift register as they are sampled. Sampling of an incoming character is shown in Figure 
45 



RXD 



STOP BIT 



SAMPLING [■IIITllllllllIIIIIIIlllllfllllllllllllllllllilllllllllllllMllllllllIllllllllltllllllllllllllllllllllllilltlllllftllllllllltlllllllMlllllllllllllllllllllltlll 

Figure 45. Sampling Received Data 

When the stop bit enters the receiver, the majority of the three samples must be one to accept the stop bit. If two or more 
samples are logical zeros, the Framing Error (FE) flag in the UART Status Register (USR) is set. Before reading the UDR 
register, the user should always check the FE bit to detect Framing Errors. 

Whether or not a valid stop bit is detected at the end of a character reception cycle, the data is transferred to UDR and the 
RXC flag in USR is set. UDR is in fact two physically separate registers, one for transmitted data and one for received data. 
When UDR is read, the Receive Data register is accessed, and when UDR is written, the Transmit Data register is 
accessed. If 9 bit data word is selected (the CHR9 bit in the UART Control Register, UCR is set), the RXB8 bit in UCR is 
loaded with bit 9 in the Transmit shift register when data is transferred to UDR. 

If, after having received a character, the UDR register has not been read since the last receive, the OverRun (OR) flag in 
UCR is set. This means that the last data byte shifted into to the shift register could not be transferred to UDR and has been 
lost. The OR bit is buffered, and is updated when the valid data byte in UDR is read. Thus, the user should always check 
the OR bit after reading the UDR register in order to detect any overruns. 

By clearing the RXEN bit in the UCR register, the receiver is disabled. This means that the PDO pin can be used as a gen- 
eral I/O pin. When RXEN is set, the UART Receiver will be connected to the PDO pin regardless of the setting of the DDDO 
bit in DDRB. 

UART Control 

THE UART I/O DATA REGISTER - UDR 



Bit 7 6 5 4 3 2 1 

$0C ($2C) MSB | | | ] | | | LSB UDR 

Read/Write R/W R/W R/W R/W R/W FVW R/W R/W 

Initial value 00000000 

The UDR register is actually two physically separate registers sharing the same I/O address. When writing to the register, 
the UART Transmit Data register is written. When reading from UDR, the UART Receive Data register is read. 

THE UART STATUS REGISTER - USR 

Bit 7 6 5 4 3 2 1 

SOB ($2B) RXC | TXC | UDRE | FE | OR | - | - | - | USR 

Read/Write RRRRRRRR 
Initial value 1 

The USR register is a read-only register providing information on the UART Status. 
Bit 7 - RXC: UART Receive Complete: 

This bit is set (one) when a received character is transferred from the Receiver Shift register to UDR. The bit is set regard- 
less of any detected framing errors. When the RXCIE bit in UCR is set, the UART Receive Complete interrupt will be exe- 
cuted when RXC is set(one). RXC is cleared by reading UDR. When interrupt-driven data reception is used, the UART 
Receive Complete Interrupt routine must read UDR in order to clear RXC, otherwise a new interrupt will occur once the 
interrupt routine terminates. 




Bit 6 - TXC : UART Transmit Complete: 

This bit is set (one) when the entire character (including the stop bit) in the Transmit Shift register has been shifted out and 
no new data has been written to UDR. This flag is especially useful in half-duplex communications interfaces, where a 
transmitting application must enter receive mode and free the communications bus immediately after completing the trans- 
mission. 

When the TXCIE bit in UCR is set, setting of TXC causes the UART Transmit Complete interrupt to be executed. TXC is 
cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, the TXC bit is cleared 



Bit 5 - UDRE : UART Data Register Empty: 

This bit is set (one) when a character written to UDR is transferred to the Transmit shift register. Setting of this bit indicates 
that the transmitter is ready to receive a new character for transmission. 

When the UDRIE bit in UCR is set, the UART Transmit Complete interrupt to be executed as long as UDRE is set. UDRE is 
cleared by writing UDR. When interrupt-driven data transmittal is used, the UART Data Register Empty Interrupt routine 
must write UDR in order to clear UDRE, otherwise a new interrupt will occur once the interrupt routine terminates. 

UDRE is set (one) during reset to indicate that the transmitter is ready. 
Bit 4 - FE : Framing Error: 

This bit is set if a Framing Error condition is detected, i.e. when the stop bit of an incoming character is zero. 
The FE bit is cleared when the stop bit of received data is one. 



Bit 3 - OR : OverRun: 

This bit is set if an Overrun condition is detected, i.e. when a character already present in the UDR register is not read 
before the next character has been shifted into the Receiver Shift register. The OR bit is buffered, which means that it will 
be set once the valid data still in UDRE is read. 

The OR bit is cleared (zero) when data is received and transferred to UDR. 



Bits 2..Q - R es : Reserved pits: 

These bits are reserved bits in the AT90S4414 and will always read as zero. 
THE UART CONTROL REGISTER - UCR 



Bit 




7 


6 


5 


4 


3 


2 


1 







$0A ($2A) 


I 


RXCIE 


TXCIE 


UDRIE 


RXEN 


TXEN 


CHR9 


RXB8 


TXB8 


UCR 


Read/Write 




RAW 


R/W 


R/W 


R/W 


R W 


R/W 


R 


W 




Initial value 































Bit 7 - RXCIE : RX Complete Interrupt Enable: 

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 6 - TXCIE : TX Complete Interrupt Enable: 

When this bit is set (one), a setting of the TXC bit in USR will cause the Transmit Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 5 - UDRIE : UART Data Register Empty Interrupt Enable: 

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data Register Empty interrupt routine to be 
executed provided that global interrupts are enabled. 

Bit 4 - RXEN : Receiver Enable: 

This bit enables the UART receiver when set (one). When the receiver is disabled, the TXC, OR and FE status flags cannot 
become set. If these flags are set, turning off RXEN does not cause them to be cleared. 



(zero) by writing a logical one to the bit. 
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Bit 3 - TXEN : Transmitter Enable: 

This bit enables the UART transmitter when set (one). When disabling the transmitter while transmitting a character, the 

: - the shift register plus any following character in UDR has been corn- 



transmitter is not disabled before the c 
pletely transmitted.. 



Bit 2 - CHR9 : 9 Bit Characters: 

When this bit is set (one) transmitted and received characters are 9 bit long plus start and stop bits. The 9th bit is read and 
written by i 
bit. 



using the RXB8 and TXB8 bits in UCR, respectively. The 9th data bit can be used as an extra stop bit or a parity 



Bit 1 - RXB8 : Receive Data Bit 8 

When CHR9 is set (one), RXB8 is the 9th data bit of the received character. 
Bit - TXB8 : Transmit Data Bit 8 

When CHR9 is set (one), TXB8 is the 9th data bit in the character to De iransminea 
THE BAUD RATE GENERATOR 

The baud rate generator is a frequency divider which generates baud-rates according to the following equation: 

/CK 

+ 1) 



BAUD = m 



• BAUD = Baud-Rate 

• fck= Crystal Clock frequency 

• UBRR= Contents of the UART Baud Rate register, UBRR (0-255) 



For standard crystal frequencies, the most commonly used baud rates can be generated by using the UBRR settings in 
Table 16. UBRR values which yield an actual baud rate differing less than 2% from the target baud rate, are bolded in the 



table. 



Table 16. UBRR Settings at Various Crystal Frequencies 



Dni |H D 


1 

l 


Mnz 


/onrrur 


1.8432 MHz 


/OtZllUf 


2 MHz 


°/-Frrnr 
/oCliUt 


2.4576 MHz 


o/ c rrr\r 
/Ol-I IUI 


2400 


UBRR= 


25 


0.2 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


63 


0.0 


4800 


UBRR= 


12 


0.2 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


31 


0.0 


9600 


UBRR= 


6 


7.5 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


15 


0.0 


14400 


UBRR= 


3 


7.8 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


10 


3.1 


19200 


UBRR= 


2 


7.8 


UBRR= 


5 


0.0 


UBRR= 


6 


7.5 


UBRR= 


7 


0.0 


28800 


UBRR= 


1 


7.8 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


6.3 


57600 


UBRR= 





7.8 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


12.5 


115200 


UBRR= 





84.3 


UBRR= 





0.0 


UBRR= 





7.8 


UBRR= 





25.0 



Baud Rate 


3.2768 MHz 


% Error 


3.6864 MHz 


%Error 


4 MHz 


%Error 


4.608 MHz 


%Error 


2400 


UBRR= 


84 


0.4 


UBRR= 


95 


0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


4800 


UBRR= 


42 


0.8 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


9600 


UBRR= 


20 


1.6 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


14400 


UBRR= 


13 


1.6 


UBRR= 


15 


0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


19200 


UBRR= 


10 


3.1 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


14 


0.0 


28800 


UBRR= 


6 


1.6 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


57600 


UBRR= 


3 


12.5 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


115200 


UBRR= 


1 


12.5 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


20.0 



Baud Rate 


7.3728 MHz 


% Error 


8 MHz 


% Error 


9.216 MHz 


%Error 


11.059 MHz 


%Error 


2400 


UBRR= 


191 




0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


287 




4800 


UBRR= 


95 




0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


143 


0.0 


9600 


UBRR= 


47 




0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


71 


0.0 


14400 


UBRR= 


31 




0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


47 


0.0 


19200 


UBRR= 


23 




0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


UBRR= 


35 


0.0 


28800 


UBRR= 


15 




0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


23 


0.0 


57600 


UBRR= 


7 




0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


UBRR= 


11 


0.0 


115200 


UBRR= 


3 




0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


UBRR= 


5 


0.0 



Baud Rate 


14.746 MHz 


%Error 


16 MHz 


%Error 


18.432 MHz 


% Error 


20 MHz 


% Error 


2400 


UBRR= 


383 






UBRR= 


416 




UBRR= 


479 




UBRR= 


520 




4800 


UBRR= 


191 




0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


259 




9600 


UBRR= 


95 




0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


129 


0.2 


14400 


UBRR= 


63 




0.0 


UBRR= 


68 


0.6 


UBRR= 


79 


0.0 


UBRR= 


86 


0.2 


19200 


UBRR= 


47 




0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


64 


0.2 


28800 


UBRR= 


31 




0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


42 


0.9 


57600 


UBRR= 


15 




0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


21 


1.4 



THE UART BAUD RATE REGISTER - UBRR 



Bit 7 6 5 4 3 2 1 

$09 ($29) | MSB | | | | | | | LSB | UBRR 

Read/Write R/W R/W R/W R/W R/W R/W RAM R/W 

Initial value 00000000 

The UBRR register is an 8-bit read/write register which specifies the UART Baud Rate according to the equation on the 
previous page. 
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The Analog Comparator 

The analog comparator compares the input values on the positive pin PB2 (AINO) and negative pin PB3 (AIN1). When the 
voltage on the positive pin PB2 (AINO) is higher than the voltage on the negative pin PB3 (AIN1), the Analog Comparator 
Output, ACO is set (one). The comparator's output can be set to trigger the Timer/CounteM Input Capture function. In addi- 
tion, the comparator can trigger a separate interrupt, exclusive to the Analog Comparator. The user can select Interrupt trig- 
gering on comparator output rise, fall or toggle. A block diagram of the comparator and its surrounding logic is shown in 
Figure 46. .. ... .. , 



vcc 



ANALOG 
COMPARATOR 




Figure 46. Analog Comparator Block Diagram 
THE ANALOG COMPARATOR CONTROL AND STATUS REGISTER - ACSR 



Bit 


7 


6 


5 


4 


3 


2 


1 


$08 ($28) 


ACD 




ACO 


ACI 


ACIE 


ACIC 


ACIS1 | ACISO | 


Read/Write 


R/W 


R 


R 


RAW 


R/W 


R/W 


R/W R/W 


Initial value 
























TO T/C1 CAPTURE 
TRIGGER MUX 



ACSR 



any time to turn off the 
wake-up from the ana- 



Bit 7 - ACD : Analog Comparator Disable 

When this bit is set(one), the power to the analog < 
analog comparator. It is most commonly used if po' 



arator is switched off. This bit can be set 
onsumption during Idle Mode is critical, a 
log comparator is not required. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing 
the ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed. 

Bit 6 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S4414 and will always read as zero. 

Bit 5 - ACO : Analog Comparator Output: 

ACO is directly connected to the comparator output. 

Bit 4 - ACI : Analog Comparator Interrupt Flag: 

This bit is set (one) when a comparator output event triggers the interrupt mode defined by ACI1 and ACIO. The Analog 
Comparator Interrupt routine is executed if the ACIE bit is set (one) and the l-bit in SREG is set (one). ACI is cleared by 
hardware when executing the corresponding interrupt handling vector. Alternatively, ACI is cleared by writing a logic one to 
the flag. 



Bit 3 - ACIE : Analog Comparator Interrupt Enable: 

When the ACIE bit is set (one) and the l-bit in the Status Register is set (one), the analog comparator interrupt is activated. 
When cleared (zero), the interrupt is disabled. 



JlmEE 



Bit 2 • ACIC : Analog Comparator Input Capture enable: 

When set (one), this bit enables the Input Capture function in Timer/Counterl to be triggered by the analog comparator. 
The comparator output is in this case directly connected to the Input Capture front-end logic, making the comparator utilize 
the noise canceler and edge select features of the Timer/Counterl Input Capture interrupt. When cleared (zero), no con- 
nection between the analog comparator and the Input Capture function is given. To make the comparator trigger the Timer/ 
Counterl Input Capture interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one). 

Bits 1.0 - ACIS1. ACISO : Analog Comparator Interrupt Mode Select: 

These bits determine which comparator events that trigger the Analog Comparator interrupt. The different settings are 
shown in Table 17. 

Table 17. ACIS1 /ACISO Settings 



ACIS1 


ACISO 


Interrupt Mode 








Comparator Interrupt on Output Toggle 





1 


Reserved 


1 





Comparator Interrupt on Falling Output Edge 






1 


1 


Comparator Interrupt on Rising Output Edge 







Note: When changing the ACIS1/ACIS0 bits, The Analog Comparator Interrupt must be disabled by clearing its Interrupt Enable 

bit in the ACSR register. Otherwise an interrupt can occur when the bits are changed. 



I/O-Ports 
Port A 

PORT A is an 8-bit bi-directional I/O port. 
Three data memory address locations are allocated for the Port A, one each for the Data Register - PORTA, $1B($3B), 
Data Direction Register - DDRA, $1A($3A) and the Port A Input Pins - PINA, $19($39). The Port A Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The PORT A output buffers can sink 20mA and thus drive LED displays 
directly. When pins PAO to PA7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 

The PORT A pins have alternate functions related to the optional external data SRAM. PORT A can be configured to be the 
multiplexed low-order address/data bus during accesses to the external data memory. In this mode, PORT A has internal 
pullups. 

When PORT A is set to the alternate function by the SRE - External SRAM Enable - bit in the MCUCR - MCU Control Reg- 
ister, the alternate settings override t 
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THE PORT A DATA REGISTER - PORTA 

7 6 5 



Bit 
$1B($3B) 
Read/Write 
Initial value 



PORTA7 



PORTA6 



PORTA2 | PORTA1 | PORTAo"^ PORTA 



R/W 





Ft/W 




R/W 




WW 





RA/V 




o 



THE PORT A DATA DIRECTION REGISTER - DDRA 



Bit 

$1A($3A) 



DDA7 



DDA6 



RAV 





DDA5 



DDA4 



Initial value 

THE PORT A INPUT PINS ADDRESS - PINA 



R/W 




RAV 




RAV 




RAV 




RAV 




RAV 





$19 ($39) 



PINA7 



PINA6 



PINA5 



PINA3 



Initial value 



R 

Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



PINA 



The Port A Input Pins address - PINA - is not a register, and this address enables access to the physical value on each Port 
A pin. When reading PORTA the PORTA Data Latch is read, and when reading PINA, the logical values present on the 
pins are read. 

PORTA AS GENERAL DIGITAL I/O 

All 8 bits in PORT A are equal when used as digital I/O pins. 

PAn, General I/O pin: The DDAn bit in the DDRA register selects the direction of this pin, if DDAn is set (one), PAn is con- 
figured as an output pin. If DDAn is cleared (zero), PAn is configured as an input pin. If PORTAn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTAn has to be 
cleared (zero) or the pin has to be configured as an output pin. 



Table 18. DDAn Effects on PORT A Pins 



DDAn 


PORTAn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PAn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 




1 


1 




Output 


No 


Push-Pull One Output 





n: 7,6.. .0, pin number. 



PORT A SCHEMATICS 

Note that all port pins are synchronized. The synchronization latch is however, not shown in the figure. 

RD . 

— # f 



<5= 
<3= 




WRITE PORTA 
WRFTE ODRA 
READ PORTA LATCH 
READ PORTA PIN 
READ DORA 
EXT. SRAM ENABLE 



DATA 




Figure 47. PORTA Schematic Diagrams (Pins PAO - PA7) 

Port B 

Port B is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port B, one each for the Data Register - PORTB, $18($38), 
Data Direction Register - DDRB, $17($37) and the Port B Input Pins - PINB, $16($36). The Port B Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The Port B output buffers can sink 20mA and thus drive LED displays 
directly. When pins PBO to PB7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 
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The Port B pins with alternate functions are shown in the following table: 
Table 19. Port B Pins Alternate Functions 



Port Pin 


Alternate Functions 






PBO 


TO (Timer/Counter external counter input) 


PB1 


T1 (Timer/Counter 1 external counter input) 






PB2 


AINO (Analog comparator positive input) 






PB3 


AIN1 (Analog comparator negative input) 







PB4 


55 (SPI Slave Select input) 


PB5 


MOSI (SPI Bus Master Output/Slave Input) 






PB6 


MISO (SPI Bus Master Input/Slave Output) 


PB7 


SCK (SPI Bus Serial Clock) 







When the pins are used foi 
function description. 

THE PORT B DATA REGISTER - PORTB 



ite function the DDRB and PORTB t 



i alternate 



Bit 


7 


6 


5 


4 


3 


2 


1 







$18 ($38) 


| P0RTB7 


P0RTB6 


PORTBS 


P0RTB4 | 


P0RTB3 


P0RTB2 


PORTB 1 


PORTBO | 


PORTB 


Read/Write 


R/W 


R/W 


RAW 


R/W 


R/W 


R/W 


RAV 


R/W 




Initial value 




























THE PORT 


B DATA DIRECTION REGISTER - 


DDRB 












Bit 


7 


6 


5 


4 


3 


2 


1 







$17 ($37) 


DDB7 


DDB6 


DDB5 


DDB4 | 


DDB3 


DDB2 


DDB1 


DDBO 


DDRB 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 





























THE PORT B INPUT PINS ADDRESS - PINB 



Bit 


7 


6 


5 


4 


3 


2 


1 





$16 ($36) 


PINB7 


PINB6 | 


PINB5 


| PINB4 


PINB3 


PINB2 


PINB1 


PINBO 


Read/Write 


R 


R 


R 


R 


R 


R 


R 


R 


Initial value 


Hi-2 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 



The Port B Input Pins address - PINB - is not a register, and this address enables access to the physical value on each Port 
B pin. When reading PORTB, the PORTB Data Latch is read, and when reading PINB, the logical values present on the 
pins are read. 

PORTB AS GENERAL DIGITAL I/O 

All 8 bits in port B are equal when used as digital I/O pins. 

PBn, General I/O pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con- 
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTBn has to be 
cleared (zero) or the pin has to be configured as £ 
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Table 20. DDBn Effects on Port B Pins 



DDBn 


PORTBn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PBn will source current (n L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTB 

The alternate pin configuration is as follows: 



$CK- PORTB, Bit 7 : 

SCK: Master clock output, slave clock input pin for SPI channel. When the SPI is enabled as a slave, this pin is configured 
as an input regardless of the setting of DDB7. When the SPI is enabled as a master, the data direction of this pin is con- 
trolled by DDB7. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB7 bit. See the 
description of the SPI port for further detatils. 

MISO - PORTB. Bit 6: 

MISO: Master data input, slave data output pin for SPI channel. When the SPI is enabled as a master, this pin is configured 
as an input regardless of the setting of DDB6. When the SPI is enabled as a slave, the data direction of this pin is controlled 
by DDB6. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB6 bit. See the description of 
the SPI port for further detatils. 

MOSI - PORTB. Bit 5: 

MOSI: SPI Master data output, slave data input for SPI channel. When the SPI is enabled as a slave, this pin is configured 
as an input regardless of the setting of DDB5. When the SPI is enabled as a master, the data direction of this pin is con- 
trolled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB5 bit. See the 
description of the SPI port for further detatils. 

SS - PORTB. Bit 4: 

55": Slave port select input. When the SPI is enabled as a slave, this pin is configured as an input regardless of the setting 
of DDB5. As a slave, the SPI is activated when this pin is driven low. When the SPI is enabled as a master, the data direc- 
tion of this pin is controlled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the 
PORTB5 bit. See the description of the SPI port for further detatils. 

AIN1 - PORTB. Bit 3 

AIN1, Analog Comparator Negative Input. When configured as an input (DDB3 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB3 is cleared (zero)), this pin also serves as the negative input of the on-chip analog compar- 
ator. 

AINQ - PORTB , B i t 2 

AINO, Analog Comparator Positive Input. When configured as an input (DDB2 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB2 is cleared (zero)), this pin also serves as the positive input of the on-chip analog compar- 
ator. 

T1 - PORTB , Bi(1: 

T1 , Timer/Counterl counter source. See the timer description for further details 
TO - PORTB. Bit 0: 

TO: Timer/CounterO counter source. See the timer description for further details. 
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PORT B SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 



0- 



RD 

-r±>- 

RESET 

I 

Q " D 


1 I 


DDBn 

' 1 ' 

WD 

RESET 
1 

Q R 


DATA BUS 


PORTBn 
C 

M- 

WP 





4^ 



WP: WRITE PORTB 

WD: WRITE DDRB 

RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RD: READ DDRB 

n: 0.1 



SENSE CONTROL 



TT 

CSn1 CSnO 



Figure 48. PORTB Schematic Diagram (Pins PBO and PB1) 

RD 

i y — <^ — i i — & — 



RESET 

_L_ 



O D 
PORTBn 



O" 



RP 



WP WRITE PORTB 

WD: WRITE DDRB 

RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RD: READ DDRB 

K 2.3 
0,1 



TO COMPARATOR 



Figure 49. PORTB Schematic Diagram (Pins PB2 and PB3) 




WP; WRITE PORTB 
WD: WRITE DDRB 
RL: READ PORTB LATCH 
RP: READ PORTB PIN 
RD: READ DDRB 
SPE: SPI ENABLE 



Figure 50. PORTB Schematic Diagram (Pin PB4) 




WRITE PORTB 
WD: WRITE DDRB 
RU READ PORTB LATO^ 
RP: READ PORTB PIN 
RD: READ DDRB 
SPE: SPI ENABLE 
MSTR MASTER SELECT 



Figure 51. PORTB Schematic Diagram (Pin PB5) 
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WP: WRIT? PORTB 

WD: WRITE DDRB 

RL: READ PORTB LATCH 

RP: READ PORTB PIN 

RO: READ DDRB 

SPE SPI ENABLE 

MSTR MASTER SELECT 



Figure 52. PORTB Schematic Diagram (Pin PB6) 




re 53. PORTB Schematic Diagram (Pin PB7) 
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PortC 

PORT C is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port C, one each for the Data Register - PORTC, $15($35), 
Data Direction Register - DDRC, $14($34) and the Port C Input Pins - PINC, $13($33). The Port C Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The PORT C output buffers can sink 20mA and thus drive LED displays 
directly. When pins PCO to PC7 are used as inputs and are externally pulled low, they will source current (l IL ) if the internal 
pullups are activated. 

The PORT C pins have alternate functions related to the optional external data SRAM. PORT C can be configured to be 
the high-order address byte during accesses to external data memory. In this mode, PORT C uses internal pullups when 
emitting 1's. 

When PORT C is set to the alternate function by the SRE - External SRAM Enable - bit in the MCUCR - MCU Control Reg- 
ister, the alternate settings override the data direction register. 

THE PORT C DATA REGISTER - PORTC 



Bit 




7 


6 


5 


4 


3 


2 


1 





$15 ($35) 


I 


PORTC7 


PORTC6 


PORTC5 


| PORTC4 


| PORTC3 


PORTC2 


PORTC1 


PORTC0 


Read/Write 




R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 





























THE PORT C DATA DIRECTION REGISTER - DDRC 



Read/Write 


1 l 

R/W 


= l_ 

R/W 


WW 


FVW 


' R/W 


R/W 


R/W 


R/W 


Initial value 




















THE PORT 


C INPUT PINS ADDRESS 


- PINC 












Bit 


7 


6 


5 


4 


3 


2 


1 





$13 ($33) 


PINC7 


PINC6 


PINC5 


PINC4 


PINC3 


PINC2 


PINC1 


PINCO | 


Read/Write 


R 


R 


R 


R 


R 


R 


R 


R 


Initial value 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 


Hi-Z 



DDRC 



The Port C Input Pins address - PINC - is not a register, and this address enables access to the physical value on each 
Port C pin. When reading PORTC, the PORTC Data Latch is read, and when reading PINC, the logical values present on 
the pins are read. 

PORTC AS GENERAL DIGITAL I/O 

All 8 bits in PORT C are equal when used as digital I/O pins. 

PCn, General I/O pin: The DDCn bit in the DDRC register selects the direction of this pin, if DDCn is set (one), PCn is con- 
figured as an output pin. If DDCn is cleared (zero), PCn is configured as an input pin. If PORTCn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, PORTCn has to be 
cleared (zero) or the pin has to be configured as an output pin. 

Table 21. DDCn Effects on PORT C Pins 



DDCn 


PORTCn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PCn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7...0, pin number 
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PORT C SCHEMATICS 

Note that all port pins are synchronized. The synchronization latch is however, not shown in the figure. 




WP: WRITE PORTC 
WD: WRITE DDRC 
RL: READ PORTC LATCH 



„: 0-7 



SXlS^ ENABLE 



Figure 54. PORTC Schematic Diagram (Pins PCO - PC7) 



Port D 

Port D is an 8 bit bi-directional I/O port with internal pullups. 

Three data memory address locations are allocated for the Port D, one each for the Data Register - PORTD, $12($32), 
Data Direction Register - DDRD, $11($31) and the Port D Input Pins - PIND, $10($30). The Port D Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 
The Port D output buffers can sink 20 mA. As inputs, Port D pins that are externally pulled low will source current (l, L ) if the 
pullups are activated. 

Some Port D pins have alternate functions as shown in the following table: 
Table 22. Port D Pins Alternate Functions 



Port Pin 


Alternate Function 


PDO 


RDX (UART Input line ) 


PD1 


TDX (UART Output line) 








PD2 


INTO (External interrupt input) 








PD3 


INT1 (External interrupt 1 input) 








PD5 


OC1 A (Timer/Counterl Output compareA match output) 


PD6 


WR (Write strobe to external memory) 


PD7 


RTJ (Read strobe to external memory) 



When the pins are used for the alternate function the DDRD and PORTD register has to be set according to the alternate 
function description. 
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THE PORT D DATA REGISTER - PORTD 



Bit 

$12 ($32) 
Read/Write 
Initial value 



| PORTD7 | PORTD6 [ PORTD5 | PORTD4 | PORTD3 



RAW 




R/W 




R/W 

to 



RAW 




THE PORT D DATA DIRECTION REGISTER - DDRD 



RAW 




RAV 





RAW 





RAW 





$11 ($31) 
ReadAWrite 
Initial value 



DDD6 | ' 



DDD5 



DDD4 



RAW 





RAW 





RAW 




RAW 





RAW 





THE PORT D INPUT PINS ADDRESS - PIND 

7 6 5 



Bit 
$10 ($30) 
ReadAWrite 
Initial value 



PIND7 



PIND6 



PIND5 



R 
Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



DDD1 



RAW 





R 

Hi-Z 



DDDO 



RAW 





R 

Hi-Z 



The Port D Input Pins address - PIND - is not a register, and this address enables access to the physical value on each 
Port D pin. When reading PORTD, the PORTD Data Latch is read, and when reading PIND, the logical values present on 
the pins are read. 

PORTD AS GENERAL DIGITAL I/O 

PDn, General I/O pin: The DDDn bit in the DDRD register selects the direction of this pin. If DDDn is set (one), PDn is con- 
figured as an output pin. If DDDn is cleared (zero), PDn is configured as an input pin. If PDn is set (one) when configured 
as an input pin the MOS pull up resistor is activated. To switch the pull up resistor off the PDn has to be cleared (zero) or 
the pin has to be configured as an output pin. 



Table 23. DDDn Bits on Port D Pins 



DDDn 


PORTDn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PDn will source current (ML) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 





n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTD 



RP-PQRTP, Bit 7: 

RD is the external data memory read control strobe. 
WR - PORTD. Bit 6: 

WR is the external data memory write control strobe. 
OC1- PORTD. Bit 5: 

OC1, Output compare match output: The PD5 pin can serve as an external output when the Timer/CounteM compare 
matches. The PD5 pin has to be configured as an output (DDD5 set (one)) to serve this function. See the Timer/CounteM 
description for further details, and how to enable the output. The OC1 pin is also the output pin for the PWM mode timer 
function. 
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INT1 - PQRTD, Bit 3: 

INT1, External Interrupt source 1: The PD3 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 

INTO - PQRTD. Bit 2: 

INTO, External Interrupt source 0: The PD2 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 



TXD- PQRTD. Bit 1: 

Transmit Data (Data output pin for the UART). When the UART transmitter i 
regardless of the value of DDRD1 . 



i, this pin is configured as an output 



RXD - PQRTD. Bit 0: 

Receive Data (Data input pin for the UART). When the UART receiver is enabled this pin is configured as an output regard- 
less of the value of DDRDO. When the UART forces this pin to be an input, a logical one in PORTDO vill turn on the internal 
pull-up. 

PORTD SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 



MOS 
PULL- 
UP 



WP: WRITE PORTD 

WD: WRITE DDRD 

RL: READ PORTD LATCH 

RP: READ PORTD PIN 

RD: READ DDRD 

RXD: UART RECEIVE DATA 

RXEN: UART RECEIVE ENABLE 



WD 



- RXEN 




Figure 55. PORTD Schematic Diagram (Pin PDO) 



ifliiiEi 




WP: WRITE PORTD 

WD: WRITE DDRD 

RL: READ PORTD LATCH 

RP: READ PORTO PIN 

RD: READ DDRD 

TXD: UART TRANSMIT DATA 

TXEN: UART TRANSMIT ENABLE 



Figure 56. PORTD Schematic Diagram (Pin PD1) 



■L- J 



k — 



RL: READ PORTD LATCH 
RP: READ PORTD PiN 
RD: READ DDRD 



SENSE CONTROL 



ISCml ISCmO 



RESET 
| 



Figure 57. PORTD Schematic Diagram (Pins PD2 and PD3) 
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4 



MOS ~1L 

PULL- JP - 



RESET 

_L_ 

DDD4 



WD 
RESET 



PORTD4 

C 



4> 



— D>- 



i — rp 



WP: WRITE PORTO 

WO: WRITE DDRD 

RL: READ PORTO LATCH 

RP: READ PORTD PIN 



RD: READ DDRD 

Figure 58. PORTD Schematic Diagram (Pin PD4) 
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WP: WRITE PORTD 

WD: WRITE DDRD 

RL READ 

RP: READ 

RD: READ DDRD 



RESET 

_L_ 



Q C 
PORTD5 



4> 



-a 



- COMP. MATCH 1 



Figure 59. PORTD Schematic Diagram (Pin PD5) 
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WP: WRITE PORTD 

WO: WRITE DDRD 

RL: READ PORTD LATCH 

RP: READ PORTD PtN 



Figure 60. PORTD Schematic Diagram (Pin PD6) 




WRITE PORTD 
WRITE DDRD 
READ PORTD LATCH 
READ PORTD PIN 
READ DDRD 
READ ENABLE 
SRE: EXTERNAL SRAM ENABLE 



R0 



Figure 61. PORTD Schematic Diagram (Pin PD7) 
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Memory Programming 
Program Memory Lock Bits 

The AT90S4414 MCU provides two lock bits which can be left unprogrammed ('1') or can be programmed ('0') to obtain the 
additional features listed in Table 24. 

Table 24. Lock Bit Protection Modes 



Program Lock Bits 


Protection Type 


Mode 




LB1 


LB2 




1 


1 


1 




No program lock features 


2 





1 


Further programming of the Flash is disabled 


3 








Same as mode 2, but verify is also disabled. 



Note: 



The Lock Bits can only be erased with the Chip Erase operation. 



Fuse Bits 

The AT90S4414 has two fuse bits, SPIEN and FSTRT. 

• When SPIEN is programmed ('0'), Serial Program Downloading is enabled. Default value is programmed ('0'). 

• When FSTRT is programmed ('0'), the short start-up time is selected. Default value is unprogrammed ('1 '). Parts with this 
bit pre-programmed ('0') can be delivered on demand. 

These bits are not accessible in Serial Programming Mode and are not affected by a chip erase. 

Signature Bytes 

All Atmel microcontrollers have a three-byte signature code which identifies the device. This code can be read in both serial 
and parallel mode. The three bytes reside in a separate address space, and for the AT90S4414 they are: 

1 . $000: $1 E (indicates manufactured by Atmel) 

2. $001 : $92 (indicates 4 kB Flash memory) 

3. $002: $01 (indicates 90S4414 device when $001 is $92) 

Programming the Flash and EEPROM 

Atmel's AT90S4414 offers 4K bytes of in-system reprogrammable Flash Program memory and 256 bytes of EEPROM Data 
memory. 

The AT90S4414 is normally shipped with the on-chip Flash Program and EEPROM Data memory arrays in the erased 
state (i.e. contents = $FF) and ready to be programmed. This device supports a High-Voltage (12V) Parallel programming 
mode and a Low- Voltage Serial programming mode. The +12V is used for programming enable only, and no current of sig- 
nificance is drawn by this pin. The serial programming mode provides a convenient way to download the Program and Data 
into the AT90S4414 inside the user's system. 

The Program and Data memory arrays on the AT90S4414 are programmed byte-by-byte in either programming modes. 
For the EEPROM, an auto-erase cycle is provided with the self-timed programming operation in the serial programming 




Parallel Programming 

This section describes how to parallel program and verify Flash Program memory, EEPROM Data memory + Program 
Memory Lock bits and Fuse bits in the AT90S4414. 



AT90S4414 



rdy/bsy • 

5E - 

m ■ 

BS ■ 
XAO • 
XA1 - 



_n_ - 



PD1 


vcc 


PD2 


PBO - PB7 


PD3 




PD4 




PD5 




PD6 




XTAL1 




GND 


RST 



Figure 62. Parallel Programming 

SIGNAL NAMES 

In this section, some pins of the AT90S4414 are referenced by signal names describing their functionality during parallel 
programming rather than their pin names. Pins not described in the following table are referenced by pin names. 

Table 25. Pin Name Mapping 



Signal Name in Programming 
Mode 


Pin Name 


I/O 


Function 


RDY /B5Y 


PD1 


o 


0: Device is busy programming, 1 : Device is ready for new command 


OE 


PD2 


I 




WR 


PD3 


I 


Write Pulse (Active Low) 


BS 


PD4 


I 


Byte Select 


XAO 


PD5 


I 


XTAL Action Bit 


XA1 


PD6 


I 


XTAL Action Bit 1 



The XA1/XA0 bits determine the action taken when the XTAL1 pin is given a positive pulse. The bit settings are shown in 
the following table: 

Table 26. XA1 and XAO Coding 



XA1 


XAO 


Action when XTAL1 is Pulsed 








Load Flash or EEPROM Address (High or Low address byte tor Flash determined by BS) 





1 


Load Data (High or Low data byte for Flash determined by BS) 


1 





Load Command 


1 


1 


No Action, Idle 
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When pulsing WR or OF, the command loaded determines the action on input or output. The command is a byte where the 
different bits are assigned functions as shown in the following table: 

Table 27. Command Byte Bit Coding 



Bit# 


Meaning when Set 


7 


Chip Erase 


6 


Write Fuse Bits. Located in the data byte at the following bit positions: 

D5: SPIEN Fuse, DO: FSTRT Fuse (Note: Write '0' to program, '1' to erase) 


5 


Write Lock Bits. Located in the data byte at the following bit positions: 
D1 : LB1 , DO: LB2 (Note: write '0' to program) 


4 


Write Flash or EEPROM (determined by bit 0) 


3 


Read signature row 


2 


Read Lock and Fuse Bits. Located in the data byte at the following bits positions: 
D7:LB1, D6: LB2, D5: SPIEN Fuse, DO: FSTRT Fuse (Note: '0' means programmed) 


1 


Read from Flash or EEPROM (determined by bit 0) 





: Flash Access, 1 : EEPROM Access 



ENTER PROGRAMMING MODE 

The following algorithm puts the device in parallel programming mode: 
1. Apply 4.5 - 5.5 V between VCC and GND. 



2. Set HbSbl and BS pins to '0' and wait at least 1 00 ns. 

3. Apply 12V to and wait at least 100 ns before changing BS. 
CHIP ERASE 

The chip erase will erase the Flash and EEPROM memories plus Lock bits. The lock bits are not reset until the program 
memory has been completely erased. The Fuse bits are not changed. A chip erase must be performed before the chip is 
programmed. 

Load Command "Chip Erase" 

1 . Set XA1 , XAO to '1 0'. This enables command loading. 

2. Set BS to '0'. 

3. Set PB(7:0) to '1000 0000'. This is the command for Chip erase. 

4. Give XTAL1 a positive pulse. This loads the command, and starts the erase of the Flash and EEPROM arrays. After 
pulsing XTAL1 , give WFT a negative pulse to enable lock bit erase at the end of the erase cycle, then wait for at least 1 
ms. Chip erase does not generate any activity on the RDY/BST pin. 

PROGRAMMING THE FLASH 

Load Command "Program Flash" 

1 . Set XA1 , XAO to '1 0'. This enables command loading. 

2. Set BS to '0' 

3. Set PB(7:0) to '0001 0000'. This is the command for Flash programming. 

4. Give XTAL1 a positive pulse. This loads the command. 
Load Address Low byte 

1. Set XA1, XAO to '00'. This enables address loading. 

2. Set BS to '0'. This selects Low address. 

3. Set PB(7:0) = Address Low byte ($00 - $FF) 

4. Give XTAL1 a positive pulse. This loads the Address Low byte. 



Load Address High byte 

1 . Set XA1 , XAO to '00'. This enables address loading. 

2. Set BS to '1 '. This selects High address. 

3. Set PB(7:0) = Address High byte ($00 - $07) 

4. Give XTAL1 a positive pulse. This loads the Address High byte. 

Load Data byte 

1 . Set XA1 , XAO to '01'. This enables data loading. 

2. Set PB(7:0) = Data Low byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 

Write Data Low byte 
I.SetBSto('O'). 

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY goes low. 

3. Wait until RDY/BSY goes high to program the next byte. 
Load Data byte 

1 . Set XA1 , XAO to '01 '. This enables data loading. 

2. Set PB(7:0) = Data High byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 
Write Data High byte 

I.Set BStoT. 

2. Give WR a negative pulse. This starts programming of the data byte. RDY / BSY goes low. 

3. Wait until RDY / BSY goes high to program the next byte. 

The loaded command and address are retained in the device during programming. To simplify programming, the following 
should be considered. 

• The command for Flash programming needs only be loaded before programming of the first byte. 

• Address High byte needs only be loaded before programming a new 256 word page in the Flash. 

■ 
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Figure 63. Programming Flash Low Byte 
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Figure 64. Programming Flash High Byte 

PROGRAMMING THE EEPROM 

The programming algorithm for the EEPROM data memory is as follows (refer to Flash Programming for details on Com- 
mand, Address and Data loading): 

1. Load Command '0001 0001'. 

2. Load Low EEPROM Address ($00 - $FF) 

3. Load Low EEPROM Data ($00 - $FF) 

4. Give WFf a negative pulse and wait for RDY/BSY to go high. 

The Command needs only be loaded before programming the first byte. 
READING THE FLASH 

The algorithm for reading the Flash memory is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0000 0010'. 

2. Load Low Address ($00 - $FF) 

3. Load High Address ($00 - $07) 

4. Set OE to '0', and BS to '0'. The Low Data byte can now be read at PB(7:0) 

5. Set BS to '1'. The High Data byte can now be read from PB(7:0) 

6. SetOEto T. 

The Command needs only be loaded before reading the first byte. 
READING THE EEPROM 

The algorithm for reading the EEPROM memory is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 0011'. 

2. Load Low Address ($00 - $FF) 

4 Set OE to T 

The Command needs only be loaded before reading the first byte. 
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PROGRAMMING THE FUSE BITS 

The algorithm for programming the Fuse bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0100 0000'. 

2. Load Data. 

Bit 5 = '0' programs the SPIEN Fuse bit. Bit 5 = '1' erases the SPIEN Fuse bit. 
Bit = '0' programs the FSTRT fuse bit. Bit 5 = '1 ' erases the FSTRT fuse bit. 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
PROGRAMMING THE LOCK BITS 

The algorithm for programming the Lock bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0010 0000'. 

2. Load Data. 

Bit 2 = '0' programs Lock Bit2 
Bit 1 = '0' programs Lock Bit1 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
The lock bits can only be cleared by executing a chip erase. 
READING THE FUSE AND LOCK BITS 

The algorithm for reading the Fuse and Lock bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1 . Load Command '0000 01 00'. 

2. Set OE to '0', and BS to '1 '. The Status of Fuse and Lock bits can now be read at PB(7:0) 
Bit 7: Lock Bit1 ('0' means programmed) 

Bit 6: Lock Bit2 ('0' means programmed) 

Bit 5: SPIEN Fuse ('0' means programmed, '1' means erased) 

Bit 0: FSTRT Fuse ('0' means programmed, '1' means erased) 

3. Set OF to '1'. 

Observe especially that BS needs to be set to T. 
READING THE SIGNATURE BYTES 

The algorithm for reading the Signature Bytes bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 1000'. 

2. Load Low address ($00 - $02) 

3. Set OE to '0', and BS to '0'. The Selected Signature byte can now be read at PB(7:0) 

4. SetOEto T. 

The command needs only be programmed before reading the first byte. 

Serial Downloading 

Both the Program and Data memory arrays can be programmed using the serial SPI bus while RESET is pulled to GND. 
The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RESET is set low, the Programming 
Enable instruction needs to be executed first before program/erase operations can be executed. 

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming operation (in the serial 
mode ONLY) and there is no need to first execute the Chip Erase instruction. The Chip Erase operation turns the content of 
every memory location in both the Program and EEPROM arrays into $FF. 
The Program and EEPROM memory arrays have separate address spaces: 
$0000 to $07FF for Program memory and $0000 to $00FF for EEPROM memory. 
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Either an external system clock is supplied at pin XTAL1 or a crystal needs to be connected across pins XTAL1 and 
XTAL2.The minimum low and high periods for the serial clock (SCK) input are defined as follows: 

Low: > 1 XTAL1 clock cycle 

High: > 4 XTAL1 clock cycles 

SERIAL PROGRAMMING ALGORITHM 

To program and verify the AT90S4414 in the serial programming mode, the following sequence is recommended (See four 
byte instruction formats in Table 28): 

1. Power-up sequence: 

Apply power between VCC and GND while HbSh I and SCK are set to '0'. (If the programmer can not guarantee that 
SCK is held low during power-up, RESET must be given a positive pulse after SCK has been set to '0'.) If a crystal is 
not connected across pins XTAL1 and XTAL2, apply a to 20 MHz clock to the XTAL1 pin. 

2. Wait for at least 20 ms and enable serial programming by sending the Programming Enable serial instruction to pin 
MOSI/PB5. Refer to the above section for minimum high and low periods for the serial clock input (SCK). 

3. If a chip erase is performed (must be done to erase the Flash), wait 10ms, give RESET a positive pulse and start over 
again from Step 2. 

4. The Flash or EEPROM array is programmed one byte at a time by supplying the address and data together with the 
appropriate Write instruction. An EEPROM memory location is first automatically erased before new data is written. 
The next byte can be written after 4 ms. 

5. Any memory location can be verified by using the Read instruction which returns the content at the selected address at 
serial output MISO/PB6. 

6. At the end of the programming session, RESET can be set high to commence normal operation. 

7. Power-off sequence (if needed): 

Set XTAL1 to '0' (if a crystal is not used). 
Set RESET to T. 
Turn V cc power off 



Table 28. Serial Programming Instruction Set 





Instruction 


Instruction Format 


Operation 




Byte 1 


Byte 2 


Byte 3 


Byte4 




Programming Enable 


1010 1100 


0101 0011 


xxxx xxxx 


xxxx xxxx 


Enable Serial Programming after 
HhSbl goes low. 


Chip Erase 


1010 1100 


10 Ox xxxx 


xxxx xxxx 


xxxx xxxx 


Chip erase both 4K & 256 byte 
memory arrays 


Read Program Memory 


0010 H000 


' ' 

XXXX Oaaa 




oooo oooo 


Read H(high or low) data o from 
Program memory at word address 
a:b 


Write Program Memory 


0100 H000 


xxxx Oaaa 


bbbb bbbb 


iiii iiii 


Write H(high or low) data i to 
Program memory at word address 
a:b 


Read EEPROM Memory 


1010 0000 





xxxx xxxO 


bbbb bbbb 


oooo oooo 


Read data o from EEPROM memory 
at address b 


Write EEPROM Memory 


1100 0000 


XXXX XXXO 


bbbb bbbb 


iiii iiii 


Write data i to EEPROM memory at 
address b 


Write Look Bits 


1010 1100 


lllx xilx 


xxxx xxxx 


xxxx xxxx 


Write lock bits. Set bits »,2='0' to 
program lock bits. 


Read Device Code 


0011 0000 




xxxx xxbb 


oooo oooo 


Read Device Code o at address b 




Notes: a = address high bits 
b = address low bits 
H = - Low byte, 1 

= data out 

1 = data in 

x = don't care 

1 = lock bit 1 

2 = lock bit 2 

Programming Characteristics 



SERIAL DATA INPUT 
PB5(MOSI) 



SERIAL DATA OUTPUT 
PB6(MISO) 



SERIAL CLOCK INPUT 
PB7(SCK) 



xzxzx 



LSB 



Figure 65. Serial Downloading Waveforms 
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DATA OUT « 

INSTR. IN H 

CLOCK IN - 
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PB6(MIS0) 
PB5(MOSI) 
PB7(SCK) 



XTAL2 



Figure 66. Serial Programming and Verify 
When writing serial data to the AT90S4414, data is clocked on the rising edge of CLK. 

When reading data from the AT90S4414, data is clocked on the falling edge of CLK. See Figure 65 for an explanation. 

Absolute Maximum Ratings* 



Operating Temperature -40°C to +105°C 

Temperature -65°C to +150°C 



Voltage on any Pin except RESET 

with respect to Ground -1 .OV to +7.0V 

Maximum Operating Voltage 6.6V 

I/O Pin Maximum Current 40.0 mA 

Maximum Current VCC and GND 140.0 mA 



"NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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DC Characteristics 

T A = -40°C to 85°C, V cc = 2.7V to 6.0V (unless otherwise noted) 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Units 


V|L 


Input Low Voltage 




-0.5 




0.2 Vcc -0.1 


V 


V IH 


Input High Voltage 


(Except XTAL1 , Hfcbfc I ) 


0.2 Vqq + 0,9 




V cc + 0.5 


V 


V|H1 


Input High Voltage 


(XTAL1, RESET) 


0.7 V cc 




V cc + 0.5 


V 


Vol 


Output Low Voltage 
(Ports B,C,D) 


IqL — 20 mA, Vqq - 5V 
l OL =10mA, V CC = 2.7V 






0.5 


V 


Voh 


Output High Voltage 
(Ports B.C.D) 


l H , = 10 mA, V cc = 5V 
l H , = 5 mA. V cc = 2.7V 


4.5 






V 


'oh 


Output Source Current 
(Ports B,C,D) 


V CC = 5V 
V CC = 2.7V 






10 
5 


mA 


'ol 


Output Sink Current 
(Port B,C,D) 


V C C = 5V 

v cc = 2 - 7V 






20 
10 


mA 


RRST 


Reset Pulldown Resistor 




10 




50 


kfl 


R l/0 


I/O Pin Pull-Up Resistor 




35 




120 


kf2 






Active Mode, 3V, 4MHz 




3.5 




mA 


'cc 


Power Supply Current 


Idle Mode 3V, 4MHz 




1000 




UA 


'cc 


Power Down Mode(2) 


WDT enabled, 3V 








HA 


WDT disabled, 3V 




<1 




HA 


V ACIO 


Analog Comparator Input 
Offset Voltage 


V CC = 5V 






20 


mV 


UcLK 


Analog Comparator Input 
Leakage Current 




1 


5 


10 


nA 


'acpd 


Analog Comparator 
Propagation Delay 


V CC = 2-7V 
V CC = 4-OV 




750 
500 




ns 



Notes: 

1. Under steady state (non-transient) conditions, l 0L must be externally limited as follows: 
Maximum l 0L per port pin: 10 mA 

Maximum total l OL for all output pins: 80 mA 
Port A: 26 mA 
Ports A, B, D: 15 mA 

Maximum total l OL for all output pins: 70 mA 

If l 0L exceeds the test condition, V OL may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 

2. Minimum V cc for Power Down is 2V. 
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External Clock Drive Waveforms 




External Clock Drive 



Symbol 


Parameter 


V cc = 2.7V to 6.0V 
Min Max 


V cc = 4.0V to 6.0V 
Min Max 


Units 


1/, CLCL 


Oscillator Frequency 


10 


20 


MHz 


<CLCL 


Clock Period 


100 


41.7 


ns 


'CHCX 


High Time 


40 


16.7 


ns 


'CLCX 


Low Time 


40 


16.7 


ns 


'CLCH 


Rise Time 


10 


4.15 


ns 


'CHCL 


Fall Time 


10 


4.15 


ns 




Ordering Information 



Ordering Code 


Package 


Operation Range 


AT90S4414-JC 


44J 


Commercial 


AT90S4414-PC 


40P6 


(0 C io 70 C) 


AT90S4414-JI 


44J 


Industrial 


AT90S4414-PI 


40P6 


(-40 C to 85 C) 




Package Type 


44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


40P6 


40 Lead, 0.600" Wide, Plastic Dual in Line Package (PDIP) 
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AT90S4414 Register Summary 



Address 


Name Bit 7 


Bit 6 


BUS 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


Page 


















S3F (S5F] 


SREG 


1 


T 


H 


S 


V 


N 


Z 


c 


4-23 


$3E ($5E) 


SPH 


SP15 


SP14 


SP13 


SP12 


SP11 


SP10 


SP9 


SP8 


4-24 


$3D ($5D) 


SPL 


SP7 


SP6 


SP5 


SP4 


SP3 


SP2 


SP1 


SP0 


4-24 


$3C ($5C) 


Reserved 






$3B ($5B) 


GIMSK 


INT1 


INTO 














4-29 


$3A ($5A) 


GIFR 


INTF1 


INTF0 














4-29 




TIMSK 


TOIE1 


OCIE1A 


OCIE1B 




TICIE1 




TOIE0 




4-29 


too /ecav 


TIFR 


TOV1 


OCF1A 


OCF1B 




ICF1 




TOV0 




4-30 


Jo / \!ou I ) 


Rese rved 






Job (.Sao) 


Reserved 






ffOC ■" ~~ 7 

*Jo (ibo) 


MCUCR 


SRE SRW SE SM ISC11 | ISC10 | ISC01 | ISC00 


4~31 

"- 




R s S 8 1 V 6 






$33 ($53) 


TCCR0 


| - | - | - | CS02 | CS01 | csoo 


— 

4-34 


$32 ($52) 


TCNT0 


Timer/CounterO (8 Bit) 


4-35 


$31 ($51) 


Reserved 






$30 ($50) 


Rsserved 






$2F ($4F) 


TCCR 1 A 


COM1A1 


COM1A0 


COM1B1 


COM 1 B0 






PWM11 


PWM10 


4-37 


S2E :S4E> 


1 UUn lb 


ICNC1 


ICES1 


. 


" 


CTC1 


CS12 


CS11 


CS10 


4-38 


$2D ($4D) 


TCNT1 H 


Timer/Counter 1 - Counter Register High Byte 


4-39 


$2C ($4C) 


TCNT1 L 


Timer/Counterl - Counter Register Low Byte 


4-39 


S2B i S-+B 


UUH1AH 


Timer/Counterl - Output Compare Register A High Byte 


4-40 


$2A ($4A) 


OCR 1 AL 


Timer/Counterl ■ Output Compare Register A Low Byte 


4-40 


$29 ($49) 


UUn 1 bn 


Timer/Counterl - Output Compare Register B High Byte 


4-40 


$28 ($48) 


f~\r^o i pi 
ULH 1 dL 


Timer/Counterl - Output Compare Register B Low Byte 


4-40 


$27 ($47) 


Reserved 






$26 ($46) 


Reserved 






$25 ($45) 




Timer/Counterl - Input Capture Register High Byte 


4-40 


$24 ($44) 


|qp^ 


Timer/Counterl - Input Capture Register Low Byte 


4-40 


$23 ($43) 


— — — 

Reserved 






^22 ($42; 


Reserved 






$21 ($41) 


WDTCR 


| WDTOE | WDE | WDP2 | WDP1 WDP0 


4-43 


$20 ($40) 


Reserved 










$1 F ($3F) 


EEARH 


- I - I - 


EEAR9 


4-44 


$1 E ($3E) 


EEARL 


EEPROM Address Reqister Low 


4-44 


*t h n fa r\\ 
11 U (*JU) 


EEDR 


EEPROM Data Reqister 


4-44 


J1U (JjoO) 


EECR 












EEMWE 


EEWE 


EERE 


4_45 




PORTA 


PORTA7 


PORTA6 


PORTA5 


PORTA4 


PORTA3 


PORTA2 


PORTA1 


PORTA0 


4-59 


t1 ft 1 4-3 A\ 


DDRA 


DDA7 


DDA6 


DDA5 


DDA4 


DDA3 


DDA2 


DDA1 


DDA0 






PINA 


PINA7 


PINA6 


PINA5 


PINA4 


PINA3 


PINA2 


PINA1 


PINAO 


4W) 

^ 


51 ft 

4 1 O l^OO } 


PORTB 


PORTB7 


PORTB6 


PORTB5 


PORTB4 


PORTB3 


PORTB2 


PORTB1 


PORTBO 




*I" 1 / \<>o / ) 


DDRB 


DDB7 


DDB6 


DDB5 


DDB4 


DDB3 


DDB2 


DDB1 


DDBO 


4~61 


$16 ($36) 


PINB 


PINB7 


PINB6 


PINB5 


PINB4 


PINB3 


PINB2 


PINB1 


PINBO 


4-61 


$15 ($35) 


PORTC 


PORTC7 


PORTC6 


PORTC5 


PORTC4 


PORTC3 


PORTC2 


PORTC1 


PORTCO 


4-66 


$14 ($34) 


DDRC 


DDC7 


DDC6 


DDC5 


DDC4 


DDC3 


DDC2 


DDC1 


DDCO 


4-66 


$13 ($33) 


PINC 


PINC7 


PINC6 


PINC5 


PINC4 


PINC3 


PINC2 


PINC1 


PINCO 


4-66 


$12 ($32) 


PORTD 


PORTD7 


PORTD6 


PORTD5 


PORTD4 


PORTD3 


PORTD2 


PORTD 1 


PORTDO 


4-68 


$11 ($31) 


DDRD 


DDD7 


DDD6 


DDD5 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO 


4-68 


$10 ($30) 


PIND 


PIND7 


PIND6 


PIND5 


PIND4 


PIND3 


PIND2 


PIND1 


PINDO 


4-68 


$0F ($2F) 


SPDR 


SPI Data Reqister 


4-50 


$0E ($2E) 


SPSR 


SPIF 


WCOL 














4-49 


$0D ($2D) 


SPCR 


SPIE 


SPE 


DORD 


MSTR 


CPOL 


CPHA 


SPR1 


SPRO 


4-49 


$0C ($2C) 


UDR 


UART I/O Data Reqister 


4-53 


$0B ($2B) 


USR 


RXC 


TXC 


UDRE 


FE 


OR 








4-53 


$0A ($2A) 


UCR 


RXCIE 


TXCIE 


UDRIE 


RXEN 


TXEN 


CHR9 


RXB8 


TXBP 


4-54 


$09 ($29) 


UBRR 


UART Baud Rate Register 


4-56 


$08 ($28) 


ACSR 


ACD | - | ACO | ACI | ACIE | ACIC | ACIS1 | ACIS0 


4-57 




Reserved 






S00 ($20) 


Reserved 
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Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clocks 


ARITHMETIC AND LOGIC INSTRUCTIONS 


ADD 


Rd. Rr 


Add two Registers 


Rd <- Rd + Rr 


Z,C,N,V,H 


1 


ADC 


Rd, Rr 


Add with Carry two Registers 


Rd <- Rd + Rr + C 


Z,C,N,V,H 


1 


ADIW 


Rdl.K 


Add Immediate to Word 


Rdh:Rdl (- Rdh:Rdl + K 


Z,C,N;V,S 




SUB 


Rd, Rr 


Subtract two Registers 


Rd <- Rd - Rr 


Z,C,N,V,H 


1 


SUBI 


Rd, K 


Subtract Constant from Register 


Rd ^ Rd - K 


Z.C.N.V.H 


1 


SBC 


Rd, Rr 


Subtract with Carry two Registers 


Rd<- Rd-Rr-C 


Z.C.N.V.H 


1 


SBCI 


Rd, K 


Subtract with Carry Constant from Reg, 


Rd <- Rd - K - C 


Z.CN.V.H 




SBIW 


Rdl.K 


Subtract Immediate from Word 


Rdh:Rdl <- Rdh:Rdl - K 


Z,C,N,V,S 




AND 


Rd, Rr 


Loqical AND Reqisters 


Rd <- Rd • Rr 


Z.N.V 




ANDI 


Rd, K 


Loqical AND Register and Constant 


Rd <- Rd • K 


Z.N.V 




OR 


Rc. Rr 


Loqicai OR Registers 


Rd <- Rd v Rr 


Z.N.V 




ORI 


Rd, K 


Logical OR Register and Constant 


Rd <- Rd v K 


Z.N.V 




EOR 


Rd, Rr 


Exclusive OR Registers 


Rd ^ Rd © Rr 


Z.N.V 




COM 


Rd 


One's Complement 


Rd *~ $FF - Rd 


Z,C,N,V 




NEG 


Rd 


Two's Complement 


Rd <- $00 - Rd 


Z,C,N,V,H 




SBR 


Rd,K 


Set Bit(s) in Register 


Rd <- Rd v K 


Z,N,V 




CBR 


Rd.K 


Clear Bit(s) in Reqister 


Rd <- Rd • ($FF - K) 


Z.N.V 




INC 


Rd 


Increment 


Rd t- Rd + 1 


Z.N.V 




DEC 


Rd 


Decrement 


Rd ^ Rd - 1 


Z N.V 




TST 


Rd 


Test for Zero or Minus 


Rd <- Rd • Rd 


Z.N.V 




CLR 


Rd 


Clear Reqister 


Rd «- Rd © Rd 


Z.N.V 




SER 


Rd 


Set Reqister 


Rd <- $FF 


None 




BRANCH INSTRUCTIONS 


RJMP 


k 


Relative Jump 


PC <- PC + k +1 


None 


2 


UMP 




Indirect Jump to (Z) 


PC<-Z 


None 


2 


RCALL 


k 


Relative Subroutine Call 


PC <- PC + k + 1 


None 


3 


ICALL 




Indirect Call to (Z) 


PC <- Z 


None 


3 


RET 




Subroutine Return 


PC t- STACK 


None 


4 


RETI 




Interrupt Return 


PC <- STACK 


I 


4 


CPSE 


Rd.Rr 


Compare, Skip if Equal 


if (Rd = Rr) PC «- PC + 2 or 3 


None 


1 ' 2 


CP 


Rd.Rr 


Compare 


Rd-Rr 


Z, N.V.CH 


1 


CPC 


Rd.Rr 


Compare with Carry 


Rd-Rr-C 


Z, N.V.CH 


1 


CPI 


Rd,K 


Compare Reqister with Immediate 


Rd-K 


Z. N.V.CH 


1 


SBRC 


Rr, b 


Skip if Bit in Register Cleared 


if (Rr(b)=0) PC <- PC + 2 or 3 


None 


1 12 


SBRS 


Rr, b 


Skip if Bit in Register is Set 


if lRr(bl=1) PC . PC 2 oi ? 


None 


1 12 


SBIC 


P, b 


Skip if Bit in I/O Register Cleared 


if(P(b)=0) PC*- PC +2 or 3 


None 


1 12 


SBIS 


P, b 


Skip if Bit in I/O Reqister is Set 


If (P(M=1) PC <— PC + 2 or 3 


None 


1 12 


BRBS 


s, k 


Branch if Status Flaq Set 


if (SREG(s) = 1 ) then PC^PC+k + 1 




1 12 


BRBC 


s, k 


Branch if Status Flag Cleared 


it (SREG(s) = 0) then PC<-PC+k + 1 


None 


1 12 


BREQ 


k 


Branch if Equal 


if (Z- 1)then PC «- PC + k + 1 


None 


1 12 


BRNE 


k 


Branch if Not Equal 


if (Z = 0) then PC <- PC + k + 1 


None 


1 12 


BRCS 


k 


Branch if Carry Set 


if (C = 1) then PC <- PC + k+ 1 


None 


1 12 


BRCC 


k 


Branch if Carry Cleared 


if (C = 0) then PC <- PC + k + 1 


None 


1 12 


BRSH 


k 


Branch if Same or Hiqher 


if (C = 0) then PC <- PC + k + 1 


None 


1 12 


BRLO 


k 


Branch if Lower 


if (C=1)then PC«-PC + k+1 


None 


1 12 


BRMI 


k 


Branch if Minus 


if (N = 1) then PC <- PC + k + 1 


None 


1 12 


BRPL 


k 


Branch if Plus 


if (N = 0) then PC «- PC + k + 1 


None 


1 12 


BRGE 


k 


Branch if Greater or Equal, Signed 


if (N © V= 0) then PC <- PC + k + 1 


None 


1 12 


BRLT 


k 


Branch if Less Than Zero, Siqned 


if (N © V= 1) then PC <- PC + k + 1 


None 


1 12 


BRHS 


k 


Branch if Half Carry Flaq Set 


if (H = 1) then PC <- PC + k + 1 


None 


1 12 


BRHC 


k 


Branch if Half Carry Flaq Cleared 


if (H = 0) then PC «- PC + k + 1 


None 


1 12 


BRTS 


k 


Branch if T Flaq Set 


if (T= 1) then PC <— PC + k +1 


None 


1 12 


BRTC 


k 


Branch if T Flag Cleared 


it (T = 0) then PC «- PC + k + 1 


None 


1 12 


BRVS 


k 


Branch if Overflow Flag is Set 


if (V = 1) then PC «- PC + k+ 1 


None 


1 12 


BRVC 


k 


Branch if Overflow Flaq is Cleared 


if (V = 0) then PC <- PC + k + 1 


None 


1 12 


BRIE 


k 


Branch if Interrupt Enabled 


if (1 = 1) then PC^PC + k+1 


None 


1 12 


BRID 


k 


Branch if Interrupt Disabled 


if ( I = 0) then PC <- PC + k + 1 


None 


1 12 
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Mnemonics 


Operands 


Description 


Operation 


Flags 


((Clocks 


DATA TRANSFER INSTRUCTIONS 


MOV 


Rd. Rr 


Move Between Registers 


Rd <- Rr 


None 


1 


LDI 


Rd, K 


Load Immediate 


Rd <— K 


None 


1 


LD 


Rd, X 


Load Indirect 


Rd <- (X) 


None 


2 


LD 


Rd, X+ 


Load Indirect and Post-lnc. 


Rd *- (X), X <- X + 1 


None 


2 


LD 


Rd,-X 


Load Indirect and Pre-Dec. 


X <- X - 1 . Rd <- (X) 


None 


2 


LD 


Rd Y 


Load Indirect 


Rd <- (Y) 


None 


2 


LD 


Rd, /+ 


Load Indirect and Post-lnc. 


Rd <- (Y), Yf-Y + 1 


None 


2 


LD 


Rd, - Y 


Load Indirect and Pre-Dec. 


Y <- Y - 1. Rd <- (Y) 


None 


2 


LDD 


Rd,Y+q 


Load Indirect with Displacement 


Rd<-(Y + q) 


None 


2 


LD 


Rd 2 


Load Indirect 


Rd<-(Z) 


None 


2 


LD 


Rd. Z+ 


Load Indirect and Post-lnc. 


Rd <- (Z), Z <- Z*1 


None 


2 


LD 


Rd, -Z 


Load Indirect and Pre-Dec. 


Z<-Z- 1, Rd<-(Z) 


None 


2 


LDD 


Rd, Z+q 


Load Indirect with Displacement 


Rd <- (Z + q) 


None 


2 


LDS 


Rd, k 


Load Direct from SRAM 


Rd <- (k) 


None 


3 






Store Indirect 


(X) t- Rr 


None 


2 


ST 


X+. Rr 


Store Indirect and Post-lnc. 


(X) <- Rr, X «- X + 1 


None 


2 


ST 


- X, Rr 


Store Indirect and Pre-Dec. 


X <- X - 1 , (X) <- Rr 


None 


2 


ST 


Y, Rr 


Store Indirect 


(Y) «- Rr 


None 


2 


ST 


Y+, Rr 


Store Indirect and Post-lnc. 


(Y) <- Rr. Y <- Y + 1 


None 


2 


ST 


- Y. Rr 


Store Indirect and Pre-Dec. 


Y <- Y - 1 , (Y) <- Rr 


None 


2 


STD 


Y+q.Rr 


Store Indirect with Displacement 


(Y + q) <— Rr 


None 


2 


ST 


Z, Rr 


Store Indirect 


(Zi, Rr 


None 


2 


ST 


Z+, Rr 


Store Indirect and Post-lnc. 


(Z) <- Rr, Z <- Z + 1 


None 


2 


ST 


-Z, Rr 


Store Indirect and Pre-Dec. 


Z«-Z-1,(Z)<-Rr 


None 


2 


STD 


Z+q,Rr 


Store Indirect with Displacement 


<Z + q)^Rr 


None 


2 


STS 


k, Rr 


Store Direct to SRAM 


(k) <- Rr 


None 




LPM 




Load Proqram Memory I RO *- (Z) I None 3 


IN 


Rd, P 


In Port | Rd »- P 






OUT 


P, Rr 


Out Port 


P <- Rr 


None 


1 


PUSH 


Rr 


Push Reqisteron Stack 


STACK <- Rr 


None 


2 


POP 


Rd 


Pop Reqister from Stack 


Rd <- STACK 


None 


2 


BIT AND BIT-TEST INSTRUCTIONS 


SBI 


P.b 


Set Bit in I/O Reqister 


l/0(P,b) <- 1 


None 


2 


CBI 


P,b 


Clear Bit in I/O Reqister 


l/0(P.b) <- 


None 


2 


LSL 


Rd 


Loqical Shift Lett 


Rd(n+1) «- Rd(n), Rd(0) «- 


Z.C.N.V 


1 


LSR 


Rd 


Loqical Shift Right 


Rd(n) «- Rd(n+1), Rd(7) <- 


Z.CN.V 


1 


ROL 


Rd 


Rotate Left Through Carry 


Rd(0)<-C,Rd(n+1)<- Rd(n),C«-Rd(7) 


Z.C.N.V 


1 


ROR 


Rd 


Rotate Riqht Throuqh Carry 


Rd(7)<-C,Rd(n)<- Rd(n+1).C«-Rd(0) 


Z.C.N.V 




ASR 


Rd 


Arithmetic Shift Right 


Rd(n) t- Rd(n+1), n=0.,6 






SWAP 


Rd 


Swap Nibbles 


Rd(3..0)<-Rd(7..4),Rd(7..4)<-Rd(3..0) 


None 




BSET 


s 


Flaq Set 


SREG. si • I 


SREG(s) 




BCLR 


s 


Flaq Clear 


SREG(s) <- 


SREG(s) 




BST 


Rr, b 


Bit Store from Register to T 


T <- Rr(b) 


T 




BLD 


Rd. b 


Bit load tram T to Reqister 


Rd(b) <- T 


None 




SEC 




Set Carry 


C<- 1 


C 




CLC 




Clear Carry 


C<-0 


C 




SEN 




Set Neqative Flaq 


N t- 1 


N 




CLN 




Clear Negative Flaq 


N«-0 


N 




se: 




Set Zero Flaq 


Z<- 1 


Z 




CLZ 




Clear Zero Flaq 


Z<-0 


z 




SEI 




Global Interrupt Enable 


I . I 


I 




CLI 




Global Interrupt Disable 


l<-0 


I 




SES 




Set Siqned Test Flaq 


S<- 1 


s 




CLS 




Clear Siqned Test Flaq 


S ~ 


S 




SEV 




Set Twos Complement Overflow. 


V <- 1 


V 




CLV 




Clear Twos Complement Overflow 


V«-0 


V 




SET 




Set T in SREG 


T<- 1 


T 




CLT 




Clear Tin SREG 


T<-0 


T 




SEH 




Set Half Carry Flaq in SREG 


H<- 1 


H 




CLH 




Clear Hall Carry Flaq in SREG 


H<~0 


H 




NOP 




No Operation 




None 




SLEEP 




Sleep 


(see specific descr. for Sleep function) 


None 


3 


WDR 




Watchdoq Reset 


(see specific descr. for WDR/timer) 


None 


l 
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Features 

• Utilizes the AVR • Enhanced RISC Architecture 

• AV/?- High Performance and Low Power RISC Architecture 

• 120 Powerful Instructions - Most Single Clock Cycle Execution 

• 8K bytes of In-System Reprogrammable Downloadable Flash 

- SPI Serial Interface for Program Downloading 

- Endurance: 1 ,000 Write/Erase Cycles 

• 512 bytes EEPROM 

- Endurance: 1 00,000 Write/Erase Cycles 
512 bytes Internal SRAM 
32 x 8 General Purpose Working Registers 
32 Programmable I/O Lines 
Programmable Serial UART 
SPI Serial Interface 
V cc : 2.7 -6.0V 

Fully Static Operation, - 20 MHz 
Instruction Cycle Time: 50 ns @ 20 MHz 
One 8-Bit Timer/Counter with Separate Prescaler 
One 16-Bit Timer/Counter with Separate Prescaler 
and Compare and Capture Modes 
Dual PWM 

External and Internal Interrupt Sources 
Programmable Watchdog Timer with On-Chip Oscillator 
On-Chip Analog Comparator 
Low Power Idle and Power Down Modes 
Programming Lock for Software Security 

n ■ M 
Description 

The AT90S8515 is a low-power CMOS 8-bit microcontroller based on the AVR® 
enhanced RISC architecture. By executing powerful instructions in a single clock 
cycle, the AT90S8515 achieves throughputs approaching 1 MIPS per MHz allowing 
the system designer to optimize power consumption versus processing speed. 
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Block Diagram 
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Description (Continued) 

The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 registers are directly 
connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be accessed in one single instruction 
executed in one clock cycle. The resulting architecture is more code efficient while achieving throughputs up to ten times 
faster than conventional CISC microcontrollers. 

The AT90S8515 provides the following features: 8K bytes of Downloadable Flash, 512 bytes EEPROM, 512 bytes SRAM, 
32 general purpose I/O lines, 32 general purpose working registers, flexible timer/counters with compare modes, internal 
and external interrupts, a programmable serial UART, programmable Watchdog Timer with internal oscillator, an SPI serial 
port and two software selectable power saving modes. The Idle Mode stops the CPU while allowing the SRAM, timer/ 
counters, SPI port and interrupt system to continue functioning. The power down mode saves the register contents but 
freezes the oscillator, disabling all other chip functions until the next interrupt or hardware reset. 

The device is manufactured using Atmel's high density non-volatile memory technology. The on-chip Downloadable Flash 
allows the program memory to be reprogrammed in-system through an SPI serial interface or by a conventional nonvolatile 
memory programmer. By combining an enhanced RISC 8-bit CPU with Downloadable Flash on a monolithic chip, the Atmel 
AT90S851 5 is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded con- 
trol applications. 

The AT90S8515 AVR is supported with a full suite of program and system development tools including: C compilers, macro 
assemblers, program debugger/simulators, in-circuit emulators, and evaluation kits. 



Pin Descriptions 

VCC 

Supply voltage 



GND 

Ground 



Port A (PA7..PA0) 

Port A is an 8-bit bidirectional I/O port. Port pins can provide internal pullups (selected for each bit). The Port A output buff- 
ers can sink 20mA and can drive LED displays directly. When pins PAO to PA7 are used as inputs and are externally pulled 
low, they will source current (l, L ) if the internal pullups are activated. 
Port A serves as Multiplexed Address/Data input/output when using external SRAM. 

Port B (PB7..PB0) 

Port B is an 8-bit bidirectional I/O pins with internal pullups. The Port B output buffers can sink 20 mA. As inputs, Port B 
pins that are externally pulled low will source current (l, L ) if the pullups are activated. 

Port B also serves the functions of various special features of the AT90S8515 as listed on Page 5-62. 



Port C (PC7..PC0) 

Port C is an 8-bit bidirectional I/O port with internal pullups. The Port C output buffers can sink 20 mA. As inputs, Port C 
pins that are externally pulled low will source current (l IL ) if the pullups are activated. 

Port C also serves as Address output when using external SRAM. 



Port D (PD7..PD0) 

Port D is an 8-bit bidirectional I/O port with internal pullups. The Port D output buffers can sink 20 mA. As inputs, Port D 

pins that are externally pulled low will source current (l ]L ) if the pullups are activated. 

Port D also serves the functions of various special features of the AT90S8515 as listed on Page 5-68. 

RESET 

Reset input. A low on this pin for two machine cycles while the oscillator is running resets the device. 



XTAL1 

Input to the inverting oscillator amplifier and input to the internal clock operating circuit. 



XTAL2 

Output from the inverting oscillator amplifier 
ICP 

ICP is the input pin for the Timer/Counterl Input Capture function. 
OC1B 

OC1 B is the output pin for the Timer/Counterl Output CompareB function 
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ALE 

ALE is the Address Latch Enable used when the External Memory is enabled. The ALE strobe is used to latch the low- 
order address (8 bits) into an address latch during the first access cycle, and the ADO-7 pins are used for data during the 
second access cycle. 

Crystal Oscillator 

XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be configured for use as an on- 
chip oscillator, as shown in Figure 2. Either a quartz crystal or a ceramic resonator may be used. To drive the device from 
an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 3. 



XTAL2 




Figure 2. Oscillator Connections 
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Figure 3. External Clock Drive Configuration 
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AT90S8515 AVR Enhanced RISC Microcontroller CPU 

The AT90S8515 AVR RISC microcontroller is upward compatible with the AVR Enhanced RISC Architecture. The pro- 
grams written for the AT90S8515 MCU are fully compatible with the range of AVR 8-bit MCUs (AT90Sxxxx) with respect to 
source code and clock cycles for execution. 

Architectural Overview 

The fast-access register file concept contains 32 x 8-bit general purpose working registers with a single clock cycle access 
time. This means that during one single clock cycle, one ALU (Arithmetic Logic Unit) operation is executed. Two operands 
are output from the register file, the operation is executed, and the result is stored back in the register file - in one clock 
cycle. 

Six of the 32 registers can be used as three 16-bits indirect address register pointers for Data Space addressing - enabling 
efficient address calculations. One of the three address pointers is also used as the address pointer for the constant table 
look up function. These added function registers are the 16-bits X-register, Y-register and Z-register. 
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AVR AT90S851 5 Architecture 
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Figure 4. The AT90S8515 A VR Enhanced RISC Architecture 
The ALU supports arithmetic and logic functions between registers or between a constant and a register. Single register 
operations are also executed in the ALU. Figure 4 shows the AT90S8515 AVR Enhanced RISC microcontroller architec- 
ture. 
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In addition to the register operation, the conventional memory addressing modes can be used on the register file as well. 
This is enabled by the fact that the register file is assigned the 32 lowermost Data Space addresses ($00 - $1F), allowing 
them to be accessed as though they were ordinary memory locations. 

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, Timer/Counters, A/D- 
converters, and other I/O functions. The I/O Memory can be accessed directly, or as the Data Space locations following 
those of the register file, $20 - $5F. 

The AVR uses a Harvard architecture concept - with separate memories and buses for program and data. The program 
memory is executed with a single level pipelining. While one instruction is being executed, the next instruction is pre- 
fetched from the program memory. This concept enables instructions to be executed in every clock cycle. The program 
memory is in-system downloadable Flash memory. 

With the relative jump and call instructions, the whole 4K address space is directly accessed. Most AVR instructions have a 
single 16-bit word format. Every program memory address contains a 16- or 32-bit instruction. 

During interrupts and subroutine calls, the return address program counter (PC) is stored on the stack. The stack is effec- 
tively allocated in the general data SRAM, and consequently the stack size is only limited by the total SRAM size and the 
usage of the SRAM. All user programs must initialize the SP in the reset routine (before subroutines or interrupts are exe- 
cuted). The 16-bit stack pointer SP is read/write accessible in the I/O space. 

The 512 bytes data SRAM can be easily accessed through the five different addressing modes supported in the A VR archi- 
tecture. 

The memory spaces in the AVR architecture are all linear and regular memory maps. 
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Figure 5. Memory Maps 

A flexible interrupt module has its control registers in the I/O space with an additional global interrupt enable bit in the status 
register. All the different interrupts have a separate interrupt vector in the interrupt vector table at the beginning of the pro- 
gram memory. The different interrupts have priority in accordance with their interrupt vector position. The lower the interrupt 
address vector the higher priority. 



The General Purpose Register File 

Figure 6 shows the structure of the 32 general purpose working registers in the CPU. 

7 Addr. 

$00 
S01 
$02 



SOD 
$0E 
SOF 
$10 
$11 



$1A X-register low byte 

$1B X-register high byte 

$1C Y-register low byte 

$1D Y-register high byte 

$1 E Z-register low byte 

$1 F Z-register high byte 

Figure 6. AVR CPU General Purpose Working Registers 
All the register operating instructions in the instruction set have direct and single cycle access to all registers. The only 
exception is the five constant arithmetic and logic instructions SBCI, SUBI, CPI, ANDI and ORI between a constant and a 
register and the LDI instruction for load immediate constant data. These instructions apply to the second half of the regis- 
ters in the register file - R16..R31 . The general SBC, SUB, CP, AND and OR and all other operations between two registers 
or on a single register apply to the entire register file. 

As shown in Figure 6, each register is also assigned a data memory address, mapping them directly into the first 32 loca- 
tions of the user Data Space. Although not being physically implemented as SRAM locations, this memory organization 
provides great flexibility in access of the registers, as the X ,Y and Z registers can be set to index any register in the file. 

THE X-REGISTER, Y-REGISTER AND Z-REGISTER 

The registers R26..R31 have some added functions to their general purpose usage. These registers are address pointers 
for indirect addressing of the Data Space. The three indirect address registers X, Y and Z are defined as: 
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Figure 7. The X, Y and Z Registers 
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In the different addressing modes these address registers have functions as fixed displacement, automatic increment and 
decrement (see the descriptions for the different instructions). 
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The ALU - Arithmetic Logic Unit 

The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a 
single clock cycle, ALU operations between registers in the register file are executed. The ALU operations are divided into 
three main categories - arithmetic, logic and bit-functions. Some microcontrollers in the AVR product family feature a hard- 
ware multiplier in the arithmetic part of the ALU. 

The Downloadable Flash Program Memory 

The AT90S8515 contains 8K bytes on-chip downloadable Flash memory for program storage. Since all instructions are 16- 
or 32-bit words, the Flash is organized as 4K x 16. The Flash memory has an endurance of at least 1000 write/erase 
cycles. The AT90S8515 Program Counter (PC) is 12 bits wide, thus addressing the 4096 program memory addresses. 
See Page 5-78 for a detailed description on Flash data downloading. 

Constant tables must be allocated within the address 0-4K (see the LPM - Load Program Memory instruction description). 
See Page 5-14 for the different program memory addressing modes. 

The SRAM Data Memory - Internal and External 

The following figure shows how the AT90S8515 SRAM Memory is organized: 
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$005D 


$3E 
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Figure 8. SRAM Organization 

The lower 608 Data Memory locations address the Register file, the I/O Memory and the internal data SRAM. The first 96 
locations address the Register File + I/O Memory, and the next 512 locations address the internal data SRAM. An optional 
external data SRAM can be placed in the same SRAM memory space. This SRAM will occupy the location following the 
internal SRAM and up to as much as 64K - 1, depending on SRAM size. 



When the addresses accessing the data memory space exceeds the internal data SRAM locations, the external data 
SRAM is accessed using the same instructions as for the internal data SRAM access. When the internal data space is 
accessed, the read and write strobe pins (RD and WR) are inactive during the whole access cycle. External SRAM opera- 
tion is enabled by setting the SRE bit in the MCUCR register. See Page 5-31 for details. 

Accessing external SRAM takes one additional clock cycle per byte compared to the internal SRAM. This applies to com- 
mands LD, ST, LDS, STS, PUSH, POP. If the stack is placed in the external SRAM, interrupts, subroutine calls and returns 
will require two more clock cycles. When the external SRAM is used with wait state, all external SRAM access takes four 
clock cycles extra. 

The five different addressing modes for the data memory cover: Direct, Indirect with Displacement, Indirect, Indirect with 
Pre-Decrement and Indirect with Post-Increment. In the register file, registers R26 to R31 feature the indirect addressing 
pointer registers. 

The direct addressing reaches the entire data space. 

The Indirect with Displacement mode features a 63 address locations reach from the base address given by the Y or 
Z-register. 

When using register indirect addressing modes with automatic pre-decrement and post-increment, the address registers X, 
Y and Z are decremented and incremented. 

The 32 general purpose working registers, 64 I/O registers, the 512 bytes of internal data SRAM, and the 64K bytes of 
optional external data SRAM in the AT90S8515 are all accessible through all these addressing modes. 
See the next section for a detailed description of the different addressing modes. 

The Program and Data Addressing Modes 

The AT90S8515 AVR Enhanced RISC microcontroller supports powerful and efficient addressing modes for access to the 
program memory (Flash) and data memory (SRAM, Register File and I/O Memory). This section describes the different 
addressing modes supported by the AVR architecture. In the figures, OP means the operation code part of the instruction 
word. To simplify, not all figures show the exact location of the addressing bits. 

REGISTER DIRECT, SINGLE REGISTER RD 

REGISTER FILE 



15 4 




OP | d 











Figure 9. Direct Single Register Addressing 
The operand is contained in register d (Rd). 
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REGISTER DIRECT, TWO REGISTERS RD AND RR 



REGISTER FILE 



9 5 4 



OP r 



Figure 10. Direct Register Addressing, Two Registers 

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d (Rd). 
I/O DIRECT 

I/O MEMORY 

15 5 




Figure 11. I/O Direct Addressing 

Operand address is contained in 6 bits of the instruction word, n is the destination or source register address. 
DATA DIRECT 
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Figure 12. Direct Data Addressing 



A 16-bit Data Address is contained in the 16 LSBs of a two-word instruction. Rd/Rr specify the destination or source regis- 
ter. 
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Figure 13. Data Indirect with Displacement 

Operand address is the result of the Y or Z-register contents added to the address contained in 6 bits of the instruction 
word. 

DATA INDIRECT 



Data Space 



X, Y OR 2 - REGISTER 




Figure 14. Data Indirect Addressing 



Operand address is the contents of the X, Y or the Z-register, 
DATA INDIRECT WITH PRE-DECREMENT 



Data Space 




$FFFF 



Figure 15. Data Indirect Addressing With Pre-Decrement 



The X, Y or the Z-register is decremented before the operation. Operand address is the decremented contents of the X, Y 
or the Z-register. 
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DATA INDIRECT WITH POST-INCREMENT 



Data Space 



~~» ] X. Y OR Z - REGISTER 




Figure 16. Data Indirect Addressing With Post-Increment 

The X, Y or the Z-register is incremented after the operation. Operand address is the content of the X, Y or the Z-register 
prior to incrementing. 



CONSTANT ADDRESSING USING THE LPM INSTRUCTION 
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Figure 17. Code Memory Constant Addressing 

Constant byte address is specified by the Z-register contents. The 15 MSBs select word address (0 - 4K) and LSB, select 
low byte if cleared (LSB = 0) or high byte if set (LSB = 1). 
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Figure 18. Direct Program Memory Addressing 
Program execution continues at the address immediate in the instruction words. 
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INDIRECT PROGRAM ADDRESSING, IJMP AND ICALL 



PROGRAM MEMORY 
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Program execution continues at , 
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Figure 19. Indirect Program Memory Addressing 
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Figure 20. Relative Program Memory Addressing 
Program execution continues at address PC + k. The relative address k is ± 2K. 
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The EEPROM Data Memory 

The AT90S8515 contains 512 bytes of data EEPROM memory. It is organized as a separate data space, in which single 
bytes can be read and written. The EEPROM has an endurance of at least 100,000 write/erase cycles. The access 
between the EEPROM and the CPU is described on Page 5-44 specifying the EEPROM address registers, the EEPROM 
data register, and the EEPROM control register. 
For the SPI data downloading, see Page 5-78 for a detailed description. 

Memory Access Times and Instruction Execution Timing 

This section describes the general access timing concepts for instruction execution and internal memory access. 

The AVR CPU is driven by the System Clock 0, directly generated from the external clock crystal for the chip. No internal 
clock division is used. 

Figure 21 shows the parallel instruction fetches and instruction executions enabled by the Harvard architecture and the 
fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIPS per MHz with the corresponding 
unique results for functions per cost, functions per clocks, and functions per power-unit. 
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The Parallel Instruction Fetches and Instruction Executions 



Figure 22 shows the internal timing concept for the register file. In a single clock cycle an ALU operation using two register 
operands is executed, and the result is stored back to the destination register. 
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System Clock cycles as described in Figure 23. 
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Figure 23. On-Chip Data SRAM Access Cycles 
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The external data SRAM access is performed in two System Clock cycles as described in Figure 23 
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Figure 24. External Data SRAM Memory Cycles without Wait State 

The external data SRAM memory access cycle with the Wait State bit enabled (Wait State active) is shown in Figure 25. 
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Figure 25. External Data SRAM Memory Cycles with Wait State 



I/O Memory 

The I/O space definition of the AT90S8515 is shown in the following table: 
Table 1. AT90S851 5 I/O Space 



Address Hex 


Name 




$3F ($5F) 


SREG 


Status REGister 


$3E ($5E) 


SPH 


Stack Pointer High 


$3D ($5D) 


SPL 


Stack Pointer Low 


$3B (S5B) 


GIMSK 


General Interrupt MaSK register 


$3A ($A) 


GIFR 


General Interrupt Flag Register 


$39 ($59) 


TIMSK 


Timer/Counter Interrupt MaSK register 


$38 ($58) 


TIFR 


Timer/Counter Interrupt Flag register 


$35 ($55) 


MCUCR 


MCU general Control Register 


$33 ($53) 


TCCRO 


Timer/CounterO Control Register 


$32 ($52) 


TCNTO 


Timer/CounterO (8-bit) 


$2F ($4F) 


TCCR1A 


Timer/CounteM Control Register A 


$2E ($4E) 


TCCR1B 


Timer/Counterl Control Register B 


$2D ($4D) 


TCNT1H 


Timer/Counterl High Byte 


$2C ($4C) 


TCNT1 L 


Timer/CounteM Low Byte 


$2B ($4B) 


OCR1AH 


Timer/Counterl Output Compare Register A High Byte 


$2A ($4A) 


OCR1AL 


Timer/Counterl Output Compare Register A Low Byte 


$29 ($49) 


OCR1BH 


Timer/Counterl Output Compare Register B High Byte 


$28 ($48) 


OCR1BL 


Timer/Counterl Output Compare Register B Low Byte 


$25 ($45) 


ICR1H 


T/C 1 Input Capture Register High Byte 


$24 ($44) 


ICR1L 


T/C 1 Input Capture Register Low Byte 


$21 ($41) 


WDTCR 


Watchdog Timer Control Register 


$1F($3E) 


EEARH 


EEPROM Address Register High Byte 


$1E($3E) 


EEARL 


EEPROM Address Register Low Byte 


$10 ($3D) 


EEDR 


EEPROM Data Register 


$1C ($3C) 


EECR 


EEPROM Control Register 


$1B ($3B) 


PORTA 


Data Register, Port A 


$1A ($3A) 


DDRA 




Data Direction Register, Port A 


$19 ($39) 


PINA 


Input Pins, Port A 




$18 ($38) 


PORTB 


Data Register, Port B 


$17 ($37) 


DDRB 


Data Direction Register, Port B 


$16 ($36) 


PINB 


Input Pins, Port B 


$15 ($35) 


PORTC 


Data Register, Port C 


$14 ($34) 


DDRC 


Data Direction Register, Port C 


$13 ($33) 


PINC 


Input Pins, Port C 


$12 ($32) 


PORTD 


Data Register, Port D 


$11 ($31) 


DDRD 


Data Direction Register, Port D 


$10 ($30) 


PIND 


Input Pins, Port D 


$0F ($2F) 


SPDR 


SPI I/O Data Register 


$0E ($2E) 


SPSR 


SPI Status Register 


SOD ($2D) 


SPCR 


SPI Control Register 


$0C ($2C) 


UDR 


UART I/O Data Register 


SOB ($2B) 


USR 


UART Status Register 


SOA ($2A) 


UCR 


UART Control Register 


$09 ($29) 


UBRR 


UART Baud Rate Register 


$08 ($28) 


ACSR 


Analog Comparator Control and Status Register 



Note: reserved and unused locations are not shown in the table 
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All the different AT90S8515 l/Os and peripherals are placed in the I/O space. The different I/O locations are accessed by 
the IN and OUT instructions transferring data between the 32 general purpose working registers and the I/O space. I/O reg- 
isters within the address range $00 - $1F are directly bit-accessible using the SBI and CBI instructions. In these registers, 
the value of single bits can be checked by using the SBIS and SBIC instructions. Refer to the instruction set chapter for 
more details. 

When using the I/O specific commands, IN, OUT.SBIS and SBIC, the I/O addresses $00 - $3F must be used. When 
addressing I/O registers as SRAM, $20 must be added to this address. All I/O register addresses throughout this document 
are shown with the SRAM address in parentheses. 

The different I/O and peripherals control registers are explained in the following chapters. 
THE STATUS REGISTER - SREG 

The AVR status register - SREG - at I/O space location $3F ($5F) is defined as: 



Bit 




7 


6 


5 


4 


3 


2 







$3F ($5F) 


I 


1 


T 1 


H 


S 


V 


N 


Z 


C 1 


Read/Write 




R/W 


R/W 


R/W 


R/W 


R/W 


R<W 


R/W 


R/W 


Initial value 





























Bit 7 - 1 : Global Interrupt Enable: 

The global interrupt enable bit must be set (one) for the interrupts to be enabled. The individual interrupt enable control is 
then performed in the interrupt mask registers - GIMSK and TIMSK. If the global interrupt enable register is cleared (zero), 
none of the interrupts are enabled independent of the GIMSK and TIMSK values. The 1-bit is cleared by hardware after an 
interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. 

Bit 6 ■ T : Bit Copy Storage: 

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T bit as source and destination for the operated bit. A 
bit from a register in the register file can be copied into T by the BST instruction, and a bit in T can be copied into a bit in a 
register in the register file by the BLD instruction. 

Bit 5 - H : Half Carry Flag; 

The half carry flag H indicates a half carry in some arithmetic operations. See the Instruction Set Description for detailed 
information. 

Bit 4 - S : Sign Bit. S = N @ V : 

The S-bit is always an exclusive or between the negative flag N and the two's complement overflow flag V. See the Instruc- 
tion Set Description for detailed information. 

Bit 3 - V : Two's Complement Overflow Flag: 

The two's complement overflow flag V supports two's complement arithmetics. See the Instruction Set Description for 
detailed information. 

Bit 2 - N : Negative Flag: 

The negative flag N indicates a negative result after the different arithmetic and logic operations. See the Instruction Set 
Description for detailed information. 

1 ■ Z : Zero Flag : 

zero flag Z indicates a zero result after the different arithmetic and logic operations. See the Instruction Set Description 
detailed information. 

BitO-C: Carry Flag: 

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction Set Description for detailed infor- 
mation. 
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THE STACK POINTER - SP 

The general AVR 16-bit Stack Pointer is effectively built up of two 8-bit registers in the I/O space locations $3E ($5E) and 
$3D ($5D). As the AT90S851 5 supports up to 64 kB external SRAM, all 16-bits are used. 



Bit 


15 


14 


13 


12 


11 


10 


9 


e 


$3E ($5E) 


SP15 


SP14 


SP13 


SP12 


SP11 


SP10 


SP9 


SP8 


$3D ($5D) 


I SP7 


SP6 


SP5 


SP4 


SP3 


SP2 


SP1 


SPO 




7 


6 


5 


4 


3 


2 


1 





Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 





















































The Stack Pointer points to the data SRAM stack area where the Subroutine and Interrupt Stacks are located. This Stack 
space in the data SRAM must be defined by the program before any subroutine calls are executed or interrupts are 
enabled. The Stack Pointer is decremented by one when data is pushed onto the Stack with the PUSH instruction, and it is 
decremented by two when data is pushed onto the Stack with subroutine CALL and interrupt. The Stack Pointer is incre- 
mented by one when data is popped from the Stack with the POP instruction, and it is incremented by two when data is 
popped from the Stack with return from subroutine RET or return from interrupt IRET. 

Reset and Interrupt Handling 

The AT90S8515 provides 12 different interrupt sources. These interrupts and the separate reset vector, each have a sepa- 
rate program vector in the program memory space. All interrupts are assigned individual enable bits which must be set 
(one) together with the l-bit in the status register in order to enable the interrupt. 

The lowest addresses in the program memory space are automatically defined as the Reset and Interrupt vectors. The 
complete list of vectors is shown in Table 2. The list also determines the priority levels of the different interrupts. The lower 
the address the higher is the priority level. RESET has the highest priority, and next is INTO - the External Interrupt Request 
etc. 



Table 2. Reset and Interrupt Vectors 



Vector No. 


Program Address 


Source 


Interrupt Definition 


1 


$000 


RESET 


Hardware Pin and Watchdog Reset 


2 


$001 


INTO 


External Interrupt Request 


3 


$002 


INT1 


External Interrupt Request 1 


4 


$003 


TIMER1 CAPT 


Timer/Counterl Capture Event 


5 


$004 


TIMER1 COMPA 


Timer/Counterl Compare Match A 


6 


$005 


TIMER1 COMPB 


Timer/Counterl Compare Match B 


7 


$006 


TIMER1 OVF 


Timer/Counterl Overflow 


8 


$007 


TIMER0, OVF 


Timer/CounterO Overflow 


9 


$008 


SPI, STC 


Serial Transfer Complete 


10 


$009 


UART, RX 


UART, Rx Complete 


11 


$00A 


UART, UDRE 


UART Data Register Empty 


12 


$00B 


UART, TX 


UART. Tx Complete 


13 


$00C 


ANA_COMP 


Analog Comparator 
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The most typical and general program setup for the Reset and Interrupt Vector I 



Address 

$000 



$001 
$002 



$003 
$004 
$005 
$006 
$007 
$008 
$009 
$00a 
$00b 



Code 
rjmp 
rjmp 



$00c 



rjmp 
rjmp 
rjmp 
r^mp 
rjmp 
rjmp 
rjmp 
rjmp 
rjmp 
rjmp 



! 

$00d MAIN : <instr> xxx 



RESET 
EXT_INT0 
EXT_INT1 
TIM1_CAPT 
TIM1_C0MPA 
TIM1_0VF 
TIM1_0VF 
TIM0_OVF 
SPI_HANDLE 
UART_RXC 
UART_DRE 
UART_TXC 
ANA_COMP 



Comments 

; Reset Handle 

1 IRQ0 Handle 
IRQ1 Handle 
Timerl capture Handle 
Timerl compareA Handle 
Timerl overflow Handle 
Timerl overflow Handle 
TimerO overflow Handle 
SPI TX Handle 
UART RX Complete Handle 
UDR Empty Handle 
UART TX Complete Handle 
Analog Comparator Handle 

Main program start 



RESET SOURCES 

The AT90S8515 has three sources of reset: 

• Power-On Reset. The MCU is reset when a supply voltage is applied to the VCC and GND pins. 

• External Reset. The MCU is reset when a low level is present on the RESET pin for more than two XTAL cycles 

• Watchdog Reset. The MCU is reset when the Watchdog timer period expires and the Watchdog is enabled. 

During reset, all I/O registers are then set to their initial values, and the program starts execution from address $000. The 
instruction placed in address $000 must be an RJMP - relative jump - instruction to the reset handling routine. If the pro- 
gram never enables an interrupt source, the interrupt vectors are not used, and regular program code can be placed at 
these locations. The circuit diagram in Figure 26 shows the reset logic. Table 3 defines the timing and electrical parameters 
of the reset circuitry. 




VCC 




Power-On Reset 


POR 




Circuit 








100-500K 






RESET 




Reset Circuit 












i 




INTERNAL RESET 



Figure 26. Reset Logic 



Table 3. Reset Characteristics (V c 



: 5.0V) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


VPOT 


Power-On Reset Threshold Voltage 


1.8 


2 


2.2 


V 


Vrst 


RESET Pin Threshold Voltage 




V CC /2 




V 


<POR 


Power-On Reset Period 


2 


3 


4 


ms 


•tout 


Reset Delay Time-Out Period 
FSTRT Unprogrammed 


11 


16 


21 


ms 


•tout 


Reset Delay Tirne-Out Period 
FSTRT Programmed 


1.0 


1.1 


1.2 


ms 



POWER-ON RESET 

A Power-On Reset (POR) circuit ensures that the device is not started until V cc has reached a safe level. As shown in Fig- 
ure 26, an internal timer clocked from the Watchdog timer oscillator prevents the MCU from starting until after a certain 
period after V cc has reached the Power-On Threshold voltage - V P0T , regardless of the V cc rise time (see Figure 27 and 
Figure 28). The total reset period is the Power-On Reset period - t P0R + the Delay Time-out period - t T0UT . The FSTRT fuse 
bit in the Flash can be programmed to give a shorter start-up time if a ceramic resonator or any other fast-start oscillator is 
used to clock the MCU. 

As the pin is pulled high by an on-chip resistor, the pin can be left unconnected if no external reset is required. Connecting 
to V cc will have the same effect. By holding the pin low for a period after V cc has been applied, the Power-On Reset period 
can be extended. Refer to Figure 29 for a timing example on this. 



vcc 



RESET 



TIME-OUT 



POR A ^ 



'POR 



INTERNAL 
RESET 



Figure 27. MCU Start-Up, HbShl Tied to V cc or Unconnected. Rapidly Rising V cc 
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TIME-OUT 



INTERNAL 
RESET 



Figure 28. MCU Start-Up, RESET Tied to V cc or Unconnected. Slowly Rising V cc 



vcc 



RESET 



POR 



"*POR 







TIME-OUT 



INTERNAL 
RESET 



Figure 29. MCU Start-Up, RESET Controlled Externally 
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EXTERNAL RESET _____ 

An external reset is generated by a low level on the RESET pin. The RESET pin must be held low for at least two crystal 
clock cycles. When reaches the Reset Threshold Voltage - V RST on its positive edge, the delay timer starts the MCU after 
the Time-out period t T0UT has expired. 



vcc 



RESET 



I 



TIME-OUT 



INTERNAL 
RESET 



Figure 30. External Reset During Operation 

WATCHDOG RESET 

When the Watchdog times out, it will generate a short reset pulse of 1 XTAL cycle duration. On the falling edge of this 
pulse, the delay timer starts counting the Time-out period t TOUT . Refer to Page 5-43 for details on operation of the Watch- 
dog. 

VCC 



RESET 



WDT 
TIME-OUT 



- 1 XTAL Cycle 







RESET 
TIME-OUT 



INTERNAL 
RESET 



Figure 31. Watchdog Reset During Operation 

INTERRUPT HANDLING 

The AT90S8515 has two 8-bit Interrupt Mask control registers; GIMSK - General Interrupt Mask register and TIMSK - 
Timer/Counter Interrupt Mask register. 

When an interrupt occurs, the Global Interrupt Enable l-bit is cleared (zero) and all interrupts are disabled. The user soft- 
ware must set (one) the l-bit to enable interrupts. 

When the Program Counter is vectored to the actual interrupt vector in order to execute the interrupt handling routine, hard- 
ware clears the corresponding flag that generated the interrupt. Some of the interrupt flags can also be cleared by writing a 
logic one to the flag bit position(s) to be cleared. 

AT90S8515 
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THE GENERAL INTERRUPT MASK REGISTER - GIMSK 



Bit 


7 


6 


5 


4 


3 


2 


1 





$3B ($SB) 


| INT1 


INTO ] 










- 




Read/Write 


F1AV 


R/W 


R 


R 


R 


R 


R 


R 


Initial value 



























Bit 7 - INT1 : External Interrupt Request 1 Enable: 

When the INT1 bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense Controh bits 1/0 (ISC11 and ISC10) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INT1 pin or level sensed. Activity on the pin will cause an 
interrupt request even if INT1 is configured as an output. The corresponding interrupt of External Interrupt Request 1 is 
executed from program memory address $002. See also "external Interrupts". 

Bit 6 - INTO : External Interrupt Request Enable: 

When the INTO bit is set (one) and the l-bit in the Status Register (SREG) is set (one), the external pin interrupt is activated. 
The Interrupt Sense ControlO bits 1/0 (ISC01 and ISCOO) in the MCU general Control Register (MCUCR) defines whether 
the external interrupt is activated on rising or falling edge of the INTO pin or level sensed. Activity on the pin will cause an 
interrupt request even if INTO is configured as an output. The corresponding interrupt of External Interrupt Request is 
executed from program memory address $001. See also "External Interrupts." 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S8515 and always read as zero. 
THE GENERAL INTERRUPT FLAG REGISTER - GIFR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$3A ($5A) 


| INTF1 


INTFO | 












I - 


Read/Write 


R/W 


R/W 


R 


R 


R 


R 


R 


R 


Initial value 



























Bit 7 - INTF1 : External Interrupt Flagl : 

When an event on the INT1 pin triggers an interrupt request, INTF1 becomes set (one). If the l-bit in SREG and the INT1 bit 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $002. The flag is cleared when the interrupt 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 



Bit 6 - INTFO : External Interrupt FlagO: 

When an event on the INTO pin triggers an interrupt request, INTFO becomes set (one). If the l-bit in SREG and the 
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $001. The flag is cleared when the 
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it. 

Bits 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S8515 and always read as zero. 
THE TIMER/COUNTER INTERRUPT MASK REGISTER - TIMSK 



Bit 


7 


6 


5 


4 


3 


2 


1 





$39 ($59) 


| TOIE1 


OCIE1A 


0CIE1B 




TICIE1 




| TOIE0 | 


I 


Read/Write 


R/W 


R/W 


R/W 


R 


R/W 


R 


R/W 


R 


Initial value 



























| TIMSK 



INTO bit 
interrupt 



Bit 7 - TOIE1 : Timer/Counter! Overflow Interrupt Enable: 

When the TOIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounteM Overflow interrupt is 
enabled. The corresponding interrupt (at vector $006) is executed if an overflow in Timer/CounteM occurs. The Overflow 
Flag (Timer/Counterl) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. When Timer/CounteM is in PWM 
mode, the Timer Overflow flag is set when the counter changes counting direction at $0000. 



Bit 6 - 0CE1A :Timer/Counter1 Output Compare A Match Interrupt Enable: 

When the OCIE1A bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl CompareA Match 
interrupt is enabled. The corresponding interrupt (at vector $004) is executed if a CompareA match in Timer/Counterl 
occurs. The CompareA Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 5 - OCIE1B :Timer/Counter1 Output CompareB Match Interrupt Enable: 

When the OCIE1B bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl CompareB Match 
interrupt is enabled. The corresponding interrupt (at vector $005) is executed if a CompareB match in Timer/Counterl 
occurs. The CompareB Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 4 -Res: Reserved bit: 

This bit is a reserved bit in the AT90S8515 and always reads zero. 
Bit 3 - TICIE1 : Timer/Counterl Input Capture Interrupt Enable: 

When the TICIE1 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/Counterl Input Capture Event 
Interrupt is enabled. The corresponding interrupt (at vector $003) is executed if a capture-triggering event occurs on pin 31 , 
ICP. The Input Capture Flag in Timer/Counterl is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit 2 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S8515 and always reads zero. 



Bit 1 - TOIE0 : Timer/CounterO Overflow Interrupt Enable: 

When the TOIE0 bit is set (one) and the l-bit in the Status Register is set (one), the Timer/CounterO Overflow interrupt is 
enabled. The corresponding interrupt (at vector $008) is executed if an overflow in Timer/CounterO occurs. The Overflow 
Flag (TimerO) is set (one) in the Timer/Counter Interrupt Flag Register - TIFR. 

Bit - Res : Reserved bit: 

This bit is a reserved bit in the AT90S851 5 and always reads zero. 
THE TIMER/COUNTER INTERRUPT FLAG REGISTER - TIFR 



Bit 


7 


6 


5 4 


3 


2 


1 







$38 ($58) 


| TOV1 


OCF1A 


OCIFB 


ICF1 




TOVO 




I 


Read/Write 


R/W 


R/W 


R/W R 


R/W 


R 


R/W 


R 




Initial value 


























Bit 7 - TOV1 : Timer/Counterl Overflow Flag: 

The TOV1 is set (one) when an overflow occurs in Timer/Counterl. TOV1 is cleared by hardware when executing the cor- 
responding interrupt handling vector. Alternatively, TOV1 is cleared by writing a logic one to the flag. When the l-bit in 
SREG, and TOIE1 (Timer/Counterl Overflow Interrupt Enable), and TOV1 are set (one), the Timer/Counterl Overflow 
Interrupt is executed. In PWM mode, this bit is set when Timer/Counterl changes counting direction at $0000. 

Bit 6 - OCF1A : Output Compare Flag 1A: 

The OCF1A bit is set (one) when compare match occurs between the Timer/Counterl and the data in OCR1A - Output 
Compare Register 1 A. OCF1A is cleared by hardware when executing the corresponding interrupt handling vector. Alterna- 
tively, OCF1A is cleared by writing a logic one to the flag. When the l-bit in SREG, and OCIE1 A (Timer/Counterl Compare 
match InterruptA Enable), and the OCF1A are set (one), the Timer/Counterl Compare match Interrupt is executed. 

Bit 5 - OCF1 B : Output Compare Flag 1B: 

The OCF1B bit is set (one) when compare match occurs between the Timer/Counterl and the data in OCR1B - Output 
Compare Register 1B. OCF1 is cleared by hardware when executing the corresponding interrupt handling vector. Alterna- 
tively, OCF1 is cleared by writing a logic one to the flag.. When the l-bit in SREG, and OCIE1B (Timer/Counterl Compare 
match InterruptB Enable), and the OCF1B are set (one), the Timer/Counterl Compare match Interrupt is executed. 

Bit 4 -Res: Reserved bit: 

This bit is a reserved bit in the AT90S8515 and always reads zero. 
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Bit 3 - ICF1 : - Input Capture Flag 1 : 

The ICF1 bit is set (one) to flag an input capture event, indicating that the Timer/CounteM value has been transferred to the 
input capture register - ICR1. ICF1 is cleared by hardware when executing the corresponding interrupt handling vector. 
Alternatively, ICF1 is cleared by writing a logic one to the flag. 

Bit 2 - Res : Reserved bit: 

This bit is a reserved bit in the AT90S851 5 and always reads zero. 
Bit 1 - TOVO : Timer/CounterO Overflow Flag: 

The bit TOVO is set (one) when an overflow occurs in Timer/CounterO. TOVO is cleared by hardware when executing the 
corresponding interrupt handling vector. Alternatively, TOVO is cleared by writing a logic one to the flag. When the SREG I- 
bit, and TOIE0 (Timer/CounterO Overflow Interrupt Enable), and TOVO are set (one), the Timer/CounterO Overflow interrupt 
is executed. 



Bit - Res : Reserved bit: 

This bit is a reserved bit in the AT90S8515 and always reads zero. 
EXTERNAL INTERRUPTS 

The external interrupts are triggered by the INT1 and INTO pins.Observe that, if enabled, the interrupts will trigger even if 
the INT0/INT1 pins are configured as outputs. This feature provides a way of generating a software interrupt. The external 
interrupts can be triggered by a falling or rising edge or a low level. This is set up as indicated in the specification for the 
MCU Control Register - MCUCR. When the external interrupt is enabled and is configured as level triggered, the interrupt 
will trigger as long as the pin is held low. 

The external interrupts are set up as described in the specification for the MCU Control Register - MCUCR. 
INTERRUPT RESPONSE TIME 

The interrupt execution response for all the enabled A VR interrupts is 4 clock cycles minimum. After the 4 clock cycles the 
program vector address for the actual interrupt handling routine is executed. During this 4 clock cycle period, the Program 
Counter (2 bytes) is pushed onto the Stack, and the Stack Pointer is decremented by 2. The vector is a relative jump to the 
interrupt routine, and this jump takes 2 clock cycles. If an interrupt occurs during execution of a multi-cycle instruction, this 
instruction is completed before the interrupt is served. 

A return from an interrupt handling routine (same as for a subroutine call routine) takes 4 clock cycles. During these 4 clock 
cycles, the Program Counter (2 bytes) is popped back from the Stack, and the Stack Pointer is incremented by 2. When 
A VR exits from an interrupt, it will always return to the main program and execute one more instruction before any pending 
interrupt is served. 

Note that the Status Register - SREG - is not handled by the AVR hardware, neither for interrupts nor for subroutines. For 
the interrupt handling routines requiring a storage of the SREG, this must be performed by user software. 

For Interrupts triggered by events that can remain static (E.g. the Output Compare Registerl A matching the value of 
Timer/Counterl) the interrupt flag is set when the event occurs. If the interrupt flag is cleared and the interrupt condition 
persists, the flag will not be set until the event occurs the next time. 

MCU CONTROL REGISTER - MCUCR 

The MCU Control Register contains control bits for general MCU functions. 

Bit 7 6 5 4 3 2 1 



$35 ($55) SRE SRW SE SM ISC11 ISC10 ISC01 ISCOO 




Read/Write WW R/W R/W R/W R/W R/W R/W R/W 

Initial value 00000000 

Bit 7 - SRE : External SRAM Enable: 

When the SRE bit is set (one), the external data SRAM is enabled, and the pin functions ADO-7 (Port A), A8-15 (Port C), 
WR and RD (Port D) are activated as the alternate pin functions. Then the SRE bit overrides any pin direction settings in 
the respective data direction registers. See "The SRAM Data Memory - Internal and External" for description of the External 
SRAM pin functions. When the SRE bit is cleared (zero), the external data SRAM is disabled, and the normal pin and data 
direction settings are used. 



iiimEi 



Bit 6 - SRW : External SRAM Wait State: 

When the SRW bit is set (one), a one cycle wait state is inserted in the external data SRAM access cycle. When the SRW 
bit is cleared (zero), the external data SRAM access is executed with the normal two cycle scheme. See Figure 24 External 
Data SRAM Memory Cycles without Wait State and Figure 25: External Data SRAM Memory Cycles with Wait State. 

Bit5 - SE : Sleep Enable: 

The SE bit must be set (one) to make the MCU enter the sleep mode when the SLEEP instruction is executed. To avoid the 
MCU entering the sleep mode unless it is the programmers purpose, it is recommended to set the Sleep Enable SE bit just 
before the execution of the SLEEP instruction. 

Bit 4 - SM : Sleep Mode: 

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle Mode is selected as Sleep Mode. 
When SM is set (one), Power Down mode is selected as sleep mode. For details, refer to the paragraph "Sleep Modes" 
below. 

Bit 3. 2 - ISC11. ISC10 : Interrupt Sense Control 1 bit 1 and bit 0: 

The External Interrupt 1 is activated by the external pin INT1 if the SREG l-flag and the corresponding interrupt mask in the 
GIMSK is set. The level and edges on the external INT1 pin that activate the interrupt are defined in the following table: 

Table 4. Interrupt 1 Sense Control 



ISC 11 


ISC10 


Description 








The low level of INT1 generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INT1 generates an interrupt request. 


1 


1 


The rising edge of INT1 generates an interrupt request. 



Note: When changing the ISC1 1/ISC10 bits, INT1 must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 

Otherwise an interrupt can occur when the bits are changed. 



Bit 1 . - ISC01 . ISC00 : Interrupt Sense Control bit 1 and bit 0: 

The External Interrupt is activated by the external pin INTO if the SREG l-flag and the corresponding interrupt mask is set. 
The level and edges on the external INTO pin that activate the interrupt are defined in the following table: 



Table 5. Interrupt Sense Control 



ISC01 


ISCOO 


Description 








The low level of INTO generates an interrupt request. 





1 


Reserved 


1 





The falling edge of INTO generates an interrupt request. 


1 


1 


The rising edge of INTO generates an interrupt request. 



Note: When changing the ISC10/ISC00 bits, INTO must be disabled by clearing its Interrupt Enable bit in the GIMSK Register. 

Otherwise an interrupt can occur when the bits are changed. 

Sleep Modes 

To enter the sleep modes, the SE bit in MCUCR must be set (one) and a SLEEP instruction must be executed. If an 
enabled interrupt occurs while the MCU is in a sleep mode, the MCU awakes, executes the interrupt routine, and resumes 
execution from the instruction following SLEEP. The contents of the register file, SRAM and I/O memory are unaltered. If a 
reset occurs during sleep mode, the MCU wakes up and executes from the Reset vector. 

Note that if a level triggered interrupt is used for wake-up from power down, the low level must be held for a time longer 
than the oscillator start-up time of 16 ms. Otherwise, the interrupt flag may return to zero before the MCU starts executing. 
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IDLE MODE 

When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle Mode stopping the CPU but allowing 
Timer/Counters, Watchdog and the interrupt system to continue operating. This enables the MCU to wake up from external 
triggered interrupts as well as internal ones like Timer Overflow interrupt and watchdog reset. If wakeup from the Analog 
Comparator interrupt is not required, the analog comparator can be powered down by setting the ACD-bit in the Analog 
Comparator Control and Status register - ACSR. This will reduce power consumption during Idle Mode. 

POWER DOWN MODE 

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power Down Mode. In this mode, the external 
oscillator is stopped. The user can select whether the watchdog shall be enabled during power-down mode. If the watch- 
dog is enabled, it will wake up the MCU when the Watchdog Time-out period expires. If the watchdog is disabled, only an 
external reset or an external level triggered interrupt can wake up the MCU. 



Timer / Counters 

The AT90S8515 provides two general purpose Timer/Counters - one 8-bit T/C and one 16-bit T/C. The Timer/Counters 
have individual prescaling selection from the same 10-bit prescaling timer. Both Timer/Counters can either be used as a 
timer with an internal clock timebase or as a counter with an external pin connection which triggers the counting. 

The Timer/Counter Prescaler 

Figure 32 shows the general Timer/Counter prescaler. 
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Figure 32. Timer/Counter Prescaler 



TIMER/COUNTERO CLOCK SOURCE 



The four different prescaled selections are: CK/8, CK/64, CK/256 and CK/1024 where CK is the oscillator clock. For the 
two Timer/Counters, added selections as CK, external source and stop, can be selected as clock sources. 



The 8-Bit Timer/CounterO 

Figure 33 shows the block diagram for Timer/CounterO. 

The 8-bit Timer/CounterO can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/CounterO Control Register - TCCRO. The overflow status flag is found in the 
Timer/Counter Insterrupt Flag Register - TIFR. Control signals are found in the Timer/CounterO Control Register - TCCRO. 
The interrupt enable/disable settings for Timer/CounterO are found in the Timer/Counter Interrupt Mask Register - TIMSK. 

When Timer/CounterO is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 

The 8-bit Timer/CounterO features both a high f< 
ties. Similarly, the high prescaling opportunities 
functions with infrequent actions. 



on and a high accuracy usage with the lower prescaling opportuni- 
! Timer/CounterO useful for lower speed functions or exact timing 
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Figure 33. Timer/CounterO Block Diagram 
THE TIMER/COUNTERO CONTROL REGISTER - TCCRO 



Bit 

$33 ($53) 
Read/Write 
Initial value 



R/W 





TCCRO 



r/w 

o 



R/W 




Bits 7.6 - Res : Reserved bits: 

These bits are reserved bits in the AT90S8515 and always read zero. 



Bits 2.1.0 - CS02. CS01, CS00 : Clock SelectO. bit 2.1 and 0: 

The Clock SelectO bits 2,1 and define the prescaling source of TimerO. 
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Table 6. Clock Prescale Select 



CS02 


CS01 


csoo 


Description 











Stop, the Timer/CounterO is stopped. 








1 


CK 





1 





CK/8 





1 


1 


CK/64 


1 








CK/256 


1 





1 


CK / 1024 


1 


1 





External Pin TO, falling edge 


1 


1 


1 




External Pin TO, rising edge 



The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual data direction 
control register (cleared to zero gives an input pin). 

THE TIMER COUNTER - TCNTO 



Bit 


7 


6 


5 


4 


3 


2 


1 


$32 ($52) 


MSB 






I 






I LSB | 


Read/Write 


FVW 


FVW 


FVW 


FVW 


FVW 


FVW 


R vV FVW 


Initial value 
























] TCNTO 



The Timer/CounterO is realized as an up-counter with read and write access. If the Timer/CounterO is written and a clock 
source is present, the Timer/CounterO continues counting in the clock cycle following the write operation. 



The 16-Bit Timer/Counterl 

Figure 34 shows the block diagram for Timer/Counterl . 
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Figure 34. Timer/Counterl Block Diagram 

The 16-bit Timer/Counterl can select clock source from CK, prescaled CK, or an external pin. In addition it can be stopped 
as described in the specification for the Timer/Counterl Control Registers - TCCR1A and TCCR1B. The different status 
flags (overflow, compare match and capture event) and control signals are found in the Timer/Counterl Control Registers - 
TCCR1A and TCCR1B. The interrupt enable/disable settings for Timer/Counterl are found in the Timer/Counter Interrupt 
Mask Register - TIMSK. 

When Timer/Counterl is externally clocked, the external signal is synchronized with the oscillator frequency of the CPU. To 
assure proper sampling of the external clock, the minimum time between two external clock transitions must be at least one 
internal CPU clock period. The external clock signal is sampled on the rising edge of the internal CPU clock. 
The 16-bit Timer/Counterl features both a high resolution and a high accuracy usage with the lower prescaling opportuni- 
ties. Similarly, the high prescaling opportunities makes the Timer/Counterl useful for lower speed functions or exact timing 
functions with infrequent actions. 

The Timer/Counterl supports two Output Compare functions using the Output Compare Register 1 A and B - OCR1A and 
OCR1B as the data sources to be compared to the Timer/Counterl contents. The Output Compare functions include 
optional clearing of the counter on compareA match, and actions on the Output Compare pins on both compare matches. 
Timer/Counterl can also be used as a 8, 9 or 10-bit Pulse With Modulator. In this mode the counter and the OCR1A/ 
OCR1B registers serve as a dual glitch-free stand-alone PWM with centered pulses. Refer to Page 5-41 for a detailed 
description on this function. 
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The Input Capture function of Timer/Counteii provides a capture of the Timer/Counterl contents to the Input Capture Reg- 
ister - ICR1 , triggered by an external event on the Input Capture Pin - ICP. The actual capture event settings are defined by 
the Timer/Counterl Control Register - TCCR1B. In addition, the Analog Comparator can be set to trigger the Input Capture. 
Refer to the section, "The Analog Comparator", for details on this. The ICP pin logic is shown in Figure 35. 
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ICES1 
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Figure 35. ICP Pin Schematic Diagram 
The Timer/Counterl input capture noise canceler block diagram is shown in Figure 36. 
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Figure 36. The Input Capture Noise Canceler 




If the noise canceler function is enabled, the actual trigger condition for the capture event is monitored over 4 samples 
before the capture is activated. The input pin signal is sampled at XTAL clock frequency. 

THE TIMER/COUNTER1 CONTROL REGISTER A - TCCR1 A 



Bit 

$2F ($4F) 
Read/Write 
Initial value 



R/W 




RAW 




R/W 




R/W 




R/W 




RAW 




1 



TCCR1A 



Bits 7.6 ■ COM1A1. COM1A0 : Compare Output Model A. bits 1 and 0: 

The COM1A1 and COM1A0 control bits determine any output pin action following a compare match in Timer/Counterl. 
Any output pin actions affect pin OC1 A - Output CompareA pin 1 . Since this is an alternative function to an I/O port, the cor- 
responding direction control bit must be set (one) to control an output pin. The control configuration is shown in Table 7. 

Bits 5.4 - COM1 B1 . COM1 BO : Compare Output Model B. bits 1 and 0: 

The COM1B1 and COM1B0 control bits determine any output pin action following a compare match in Timer/Counterl. 
Any output pin actions affect pin OC1B - Output CompareB. Since this is an alternative function to an I/O port, the corre- 
sponding direction control bit must be set (one) to control an output pin. The following control configuration is given: 

Table 7. Compare 1 Mode Select 



COM1X1 


COM1X0 


Description 








Timer/Counterl disconnected from output pin OC1X 





1 


Toggle the OC1X output line. 


1 





Clear the OC1X output line (to zero). 


1 


1 


Set the OC1X output line (to one). 



X = A or B 

In PWM mode, these bits have a different function. Refer to Table 11 for a detailed description. 
When changing the COM1X1/COM1X0 bits, Output Compare Interrupts 1 must be disabled by clearing their Inter- 
rupt Enable bits in the TIMSK Register. Otherwise an interrupt can occur when the bits are changed. 

Bits 3-2 - Res : Reserved bits : 

These bits are reserved bits in the AT90S8515 and always read zero. 
Bits 1 .,0 ■ PWM1 1 . PWM10: Pulse Width Modulator Select Bits: 

These bits select PWM operation of Timer/Counterl as specified in Table 8. This mode is described on Page 5-41 . 
Table 8. PWM Mode Select 



PWM11 


PWM10 


Description 








PWM operation of Timer/Counterl is disabled 





1 


Timer/Counterl is an 8-bit PWM 


1 





Timer/Counterl is a 9-bit PWM 


1 


1. 


Timer/Counterl is a 10-blt PWM 



THE TIMER/COUNTER 1 CONTROL REGISTER B - TCCR1B 



Bit 

$2E ($4E) 
Read/Write 
Initial value 



TCCR1B 



R/W 




R/W 





R/w 





R/W 





R/W 




R/W 




Bit 7 - ICNC1 : Input Capturel Noise Canceler (4 CKs): 

When the ICNC1 bit is cleared (zero), the input capture trigger noise canceler function is disabled. The input capture is trig- 
gered at the first rising/falling edge sampled on the ICP - input capture pin - as specified. When the ICNC1 bit is set (one), 
four successive samples are measures on the ICP - input capture pin, and all samples must be high/low according to the 
input capture trigger specification in the ICES1 bit. The actual sampling frequency is XTAL clock frequency. 
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Bit 6 - ICES1 : Input Capturel Edge Select: 

While the ICES1 bit is cleared (zero), the Timer/Counterl contents are transferred to the Input Capture Register - ICR1 - on 
the falling edge of the input capture pin - ICP. While the ICES1 bit is set (one), the Timer/Counterl contents are transferred 
to the Input Capture Register - ICR1 - on the rising edge of the input capture pin - ICP. 

Bits 5. 4 - Res : Reserved bits: 



These bits are reserved bits in the AT90S8515 and always read zero. 
Bit 3 - CTC1 : Clear Timer/Counterl on Compare match: 

When the CTC1 control bit is set (one), the Timer/Counterl is reset to $0000 in the clock cycle after a compareA match. If 
the CTC1 control bit is cleared, the Timer/Counterl continues counting until it is stopped, cleared, wraps around (overflow) 
or changes direction. In PWM mode, this bit has no effect. 

Bits 2.1 .0 - CS1 2. CS11 . CS1 : Clock Selectl . bit 2.1 and 0: 

The Clock Selectl bits 2,1 and define the prescaling source of Timer/Counterl. 

Table 9. Clock 1 Prescale Select 



CS12 


CS11 


csio 


Description 











Stop, the Timer/Counterl is stopped. 










1 


CK 





1 





CK/8 





1 


1 


CK/64 


1 








CK/256 


1 





1 


CK/1024 


1 


1 





External Pin T1 , falling edge 




1 


1 


1 


External Pin T1, rising edge 






The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK 
oscillator clock. If the external pin modes are used, the corresponding setup must be performed in the actual direction con- 
trol register (cleared to zero gives an input pin). 

THE TIMER/COUNTER1 - TCNT1 H AND TCNT1 L 



Bit 


15 


14 


13 


12 


11 


10 


9 




8 




$2D ($4D) 
$2C ($4C) 


MSB 












TCNT1H 
TCNT1L 












LS8 




7 


6 


5 


4 


3 


2 


1 









Read/Write 


r/w 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




R/W 






WW 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 


















































This 16-bit register contains the prescaled value of the 16-bit Timer/Counterl. To ensure that both the high and low bytes 
are read and written simultaneously when the CPU accesses these registers, the access is performed using an 8-bit tem- 
porary register (TEMP). 

• TCNT1 Timer/Counterl Write: 

When the CPU writes to the high byte TCNT1H, the written data is placed in the TEMP register. Next, when the CPU 
writes the low byte TCNT1L, this byte of data is combined with the byte data in the TEMP register, and all 16 bits are 
written to the TCNT1 Timer/Counterl register simultaneously. Consequently, the high byte TCNT1 H must be accessed 
first for a full 16-bit register write operation. 



• TCNT1 Timer/CounteM Read: 

When the CPU reads the low byte TCNT1L, the data of the low byte TCNT1L is sent to the CPU and the data of the 
high byte TCNT1H is placed in the TEMP register. When the CPU reads the data in the high byte TCNT1H, the CPU 
receives the data in the TEMP register. Consequently, the low byte TCNT1L must be accessed first for a full 16-bit reg- 
ister read operation. 

The Timer/CounteM is realized as an up or up/down (in PWM mode) counter with read and write access. If Timer/Counterl 
is written to and a clock source is selected, the Timer/Counterl continues counting in the timer clock cycle after it is preset 
with the written value. 

TIMER/COUNTER1 OUTPUT COMPARE REGISTER - OCR1AH AND OCR1AL 



Bit 


15 


14 


13 


12 


11 


10 


9 


8 




$2B ($4B) 


MSB 














0CR1AH 


$2A ($4A) 














LSB 


OCR1AL 




7 


6 


5 


4 


3 


2 


1 







Read/Write 


R/W 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 






RAW 


R/W 


RAW 


RAW 


RAW 


RAW 


R/W 


RAW 




Initial value 
























































riMER/COUNTER1 OUTPUT COMPARE REGISTER - OCR1 BH AND OCR1 BL 






Bit 


15 


14 


13 


12 


11 


10 


9 


8 




$29 ($49) 


MSB 


OCR1BH 


$28 ($48) 


LSB 


0CR1BL 




7 


6 


5 


4 


3 


2 


1 







ReadAWrite 


R/W 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 






WW 


R/W 


RAW 


RAW 


RAW 


RAW 


RAW 


RAW 




Initial value 

























































The output compare registers are 1 6-bit read/write registers. 

The Timer/Counterl Output Compare Registers contain the data to be continuously compared with Timer/Counterl. 
Actions on compare matches are specified in the Timer/Counterl Control and Status register. 

Since the Output Compare Registers - OCR1A and OCR1B - are 16-bit registers, a temporary register TEMP is used when 
OCR1A/B are written to ensure that both bytes are updated simultaneously. When the CPU writes the high byte, OCR1 AH 
orOCRIBH, the data is temporarily stored in the TEMP register. When the CPU writes the low byte, OCR1AL orOCRIBL, 
the TEMP register is simultaneously written to OCR1AH orOCRIBH. Consequently, the high byte OCR1AH orOCRIBH 
must be written first for a full 16-bit register write operation. 

THE TIMER/COUNTER1 INPUT CAPTURE REGISTER - ICR1H AND ICR1L 



Bit 


15 


14 


13 


12 




11 


10 


9 


8 


$25 ($45) 


MSB 






$24 ($44) 






LSB 




7 


6 


5 


4 




3 


2 


1 





ReadAWrite 


R 


R 


R 


R 




R 


R 


R 


R 




R 


R 


R 


R 




R 


R 


R 


R 


Initial value 

























































The input capture register is a 16-bit read-only register. 
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When the rising or falling edge (according to the input capture edge setting - ICES1) of the signal at the input capture pin - 
ICP - is detected, the current value of the Timer/Counterl is transferred to the Input Capture Register - ICR1 . At the same 
time, the input capture flag - ICF1 - is set (one). 

Since the Input Capture Register - ICR1 - is a 16-bit register, a temporary register TEMP is used when ICR1 is read to 
ensure that both bytes are read simultaneously. When the CPU reads the low byte ICR1 L, the data is sent to the CPU and 
the data of the high byte ICR1H is placed in the TEMP register. When the CPU reads the data in the high byte ICR1H, the 
CPU receives the data in the TEMP register. Consequently, the low byte ICR1 L must be accessed first for a full 16-bit reg- 
ister read operation. 

TIMER/COUNTER1 IN PWM MODE 

When the PWM mode is selected, Timer/Counterl and the Output Compare Registerl A - OCR1A and the Output Compare 
RegisterIB - OCR1B, form a dual 8, 9 or 10-bit, free-running, glitch-free and phase correct PWM with outputs on the 
PD5(OC1A) and OC1B pins. Timer/Counterl acts as an up/down counter, counting up from $0000 to TOP (see Table 10) , 
when it turns and counts down again to zero before the cycle is repeated. When the counter value matches the contents of 
the 10 least significant bits of OCR1A or OCR1B, the PD5(OC1 A)/OC1 B pins are set or cleared according to the settings of 
the COM1A1/COM1A0orCOM1B1/COM1B0 bits in the Timer/Counterl Control Register TCCR1 A. Refer to Table 11 for 
details. 



Table 10. Timer TOP Values and PWM Frequency 



PWM 
Resolution 


Timer TOP value 


Frequency 


8-bit 


$00FF (255) 


f TC1 /510 


9-bit 


$01 FF (511) 


f TC1 /1022 


10-bit 


$03FF(1023) 


f TC1 /2046 


Table 11. Compare 1 


Mode Select in PWM Mode 


COM1X1 


COM1X0 


Effect on OCX1 








Not connected 





1 


Not connected 


1 





Cleared on compare match, upcounting. Set on compare match, downcounting (non-inverted 
PWM). 


1 


1 


Cleared on compare match, downcounting. Set on compare match, upcounting (inverted PWM). 



Note: 



X = AorB 
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Note that in the PWM mode, the 10 least significant OCR1A/OCR1B bits, when written, are transferred to a temporary loca- 
tion. They are latched when Timer/CounteM reaches the value TOP. This prevents the occurrence of odd-length PWM 
pulses (glitches) in the event of an unsynchronized OCR1A/OCR1B write. See Figure 37 for an example. 



Compare Value changes 




Synchronized OCR1X Latch 

Compare Value changes 




Unsynchronized OCR1X Latch N — Glitch 



Counter Value 
Compare Value 



l_ PWM Output OC1X 



Counter Value 
Compare Value 

PWM Output OC1X 



Note: X = A or B 



Jnsynchronized OCR1 Latching 



When OCR1 contains $0000 or TOP, the output OC1A/OC1B is held low or high according to the settings of COM1A1/ 
COM1A0 or COM1B1/COM1B0. This is shown in Table 12: 



Table 



I1X = $0000 or TOP 



COM1X1 


COM1X0 


OCR1X 


Output OC1X 






1 





$0000 


L 


1 





TOP 


H 


1 


1 


$0000 


H 


1 


1 


TOP 


L 



Note: 



X = A or B 



In PWM mode, the Timer Overflow Flagl, TOV1, is set when the counter changes direction at $0000. Timer Overflow 
Interruptl operates exactly as in normal Timer/Counter mode, i.e. it is executed when TOV1 is set provided that Timer 
Overflow Interruptl and global interrupts are enabled. This does also apply to the Timer Output Comparel flags and inter- 
rupts. 
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The Watchdog Timer 

The Watchdog Timer is clocked from a separate on-chip oscillator which runs at 1 MHz This is the typical value at V cc = 5V. 
See characterization data for typical values at other V cc levels. By controlling the Watchdog Timer prescaler, the Watchdog 
reset interval can be adjusted from 16 to 2048 ms. The WDR - Watchdog Reset - instruction resets the Watchdog Timer. 
Eight different clock cycle periods can be selected to determine the reset period. If the reset period expires without another 
Watchdog reset, the AT90S8515 resets and executes from the reset vector. For timing details on the Watchdog reset, refer 
to Page 5-28. 

To prevent unintentional disabling of the watchdog, a special turn-off secuence must be followed when the watchdog is dis- 
abled. Refer to the description of the Watchdog Timer Control Regiter for details 



1 MHzOSC 
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Figure 38. Watchdog Timer 
THE WATCHDOG TIMER CONTROL REGISTER - WDTCR 



Bit 




7 f 


5 


4 


3 


2 


1 





$21 ($41) 


I 






| WDTTOE | 


WDE 


WDP2 


WDP1 


WDPO | 


Read/Write 




R f 


! R 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 




( 


) 


















WDTCR 



Bits 7..5 - Res : Reserved bits: 

These bits are reserved bits in the AT90S8515 and will always read as zero. 
Bit 4 - WDTOE : Watch Dog Turn-Off Enable: 

This bit must be set (one) when the WDE bit is cleared. Otherwise, the watchdog will not be disabled. Once set, hardware 
will clear this bit to zero after four clock cycles. Refer to the description of the WDE bit for a watchdog disable procedure. 

Bit 3 - WDE : Watch Dog Enable: 

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared (zero) the Watchdog Timer function 
is disabled. WDE can only be cleared if the WDTOE bit is set(one). To disable an enabled watchdog timer, the following 
procedure must be followed: 

1 . In the same operation, write a logical one to WDTOE and WDE. A logcal one must be written to WDE even though it is 
set to one before the disable operation starts. 

2. Within the next four clock cycles, write a logical to WDE. This disables the watchdog. 



Bits 2..0 ■ WDP2, WDP1 , WDPO : Watch Dog Timer Prescaler 2, 1 and 0: 

The WDP2, WDP1 and WDPO bits determine the Watchdog Timer prescaling when the Watchdog Timer is enabled. The 
different prescaling values and their corresponding Timeout Periods are shown in Table 13. 

Table 13. Watch Dog Timer Prescale Select (Typical Values at V cc = 5V) 



WDP2 WDP1 


WDPO 


Timeout Period 











16 ms 








1 


32 ms 





1 





64 ms 





1 


1 


128 ms 


1 








256 ms 


1 





1 


512 ms 


1 


1 





1024 ms 


1 


1 


1 


2048 ms 



EEPROM Read/Write Access 

The EEPROM access registers are accessible in the I/O space. 

The write access time is in the range of 2.5 - 4ms, depending on the V cc voltages. A self-timing function, however, lets the 
user software detect when the next byte can be written. An EEPROM brown-out detection prevents writing to the EEPROM 
if V cc is below a certain level. 

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed. Refer to the description of 
the EEPROM Control Register for details on this. 

When the EEPROM is read or written, the CPU is halted for two clock cycles before the next instruction is executed. 
THE EEPROM ADDRESS REGISTER - EEARH AND EEARL 



Bit 


15 


14 


13 


12 


11 


10 






$1F($3F) 










EEAR9 


$1E($3E) 


EEAR7 


EEAR6 


EEAR5 


EEAR4 


EEAR3 


EEAR2 


EEAR1 


EEARO 




7 


6 


5 


4 


3 


2 


1 





Read/Write 


RAV 


R/W 


R/W 


R/W 


RAV 


RAV 


RAV 


RAV 




WW 


R/W 


RAV 


R/W 


R/W 


RAV 


RAV 


RAV 


Initial value 


8 

























8 
























The EEPROM Address Registers - EEARH and EEARL specify the EEPROM address in the 512 bytes EEPROM space. 
The EEPROM data bytes are addressed linearly between and 512. 

THE EEPROM DATA REGISTER - EEDR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$1D($3D) 


MSB 




I 










LSB 


ReadAVrite 


RAV 


RAV 


RAV 


RAV 


RAV 


RAV 


R/W 


RAV 


Initial value 



























Bits 7..0 - EEDR7..0 : EEPROM Data: 

For the EEPROM write operation, the EEDR register contains the data to be written to the EEPROM in the address given 
by the EEAR register. For the EEPROM read operation, the EEDR contains the data read out from the EEPROM at the 
address given by EEAR. 
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THE EEPROM CONTROL REGISTER - EECR 

Bit 7 6 5 4 3 2 1 

$1C ($3C) ■ - - | ■ | EEMWE | EEWE | EERE ~| EECR 

Read/Write R R R R R R/W R/W R/W 

Initial value 00000000 

Bit 7-3 - Res : Reserved bits: 

These bits are reserved bits in the AT90S2313 and will always read as zero. 
Bit 2 - EEMWE : EEPROM Master Write Enable: 

The EEMWE bit determines whether setting EEWE to one causes the EEPROM to be written. When EEMWE is set(one) 
setting EEWE will write data to the EEPROM at the selected address If EEMWE is zero, setting EEWE will have no effect. 
When EEMWE has been set (one) by software, hardware clears the bit to zero after four clock cycles. See the description 
of the EEWE bit for a EEPROM write procedure. 



Bit 1 - EEWE : EEPROM Write Enable: 

The EEPROM Write Enable Signal EEWE is the write strobe to the EEPROM. When address and data are correctly set up, 
the EEWE bit must be set to write the value into the EEPROM. The EEMWE bit must be set when the logical one is written 
to EEWE, otherwise no EEPROM write takes place. The following procedure should be followed when writing the 
EEPROM (the order of steps 2 and 3 is unessential): 

1. Wait until EEWE becomes zero. 

2. Write new EEPROM address to EEARL and EEARH (optional) 

3. Write new EEPROM data to EEDR (optional) 

4. Write a logical one to the EEMWE bit in EECR 

5. Within four clock cycles after setting EEMWE, write a logical one to EEWE. 

When the write access time (typically 2.5 ms at V cc = 5V or 4 ms at V cc = 2.7V) has elapsed, the EEWE bit is cleared 
(zero) by hardware. The user software can poll this bit and wait for a zero before writing the next byte. When EEWE has 
been set, the CPU is halted for two cycles before the next instruction is executed. 

Bit - EERE : EEPROM Read Enable: 

The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address is set up in the 
EEAR register, the EERE bit must be set. When the EERE bit is cleared (zero) by hardware, requested data is found in the 
EEDR register. The EEPROM read access takes one instruction and there is no need to poll the EERE bit. When EERE 
has been set, the CPU is halted for two cycles before the next instruction is executed. 

The user should poll the EEWE bit before starting the read operation. If a write operation is in progress when new data or 
address is written to the EEPROM I/O registers, the write operation will be interrupted, and the result is undefined. 
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The Serial Peripheral Interface - SPI 

The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer between the AT90S8515 and peripheral 
devices or between several AT90S8515 devices. The AT90S8515 SPI features include the following: 



• Full-Duplex, 3-Wire Synchronous Data Transfer 

• Master or Slave Operation 

• 5 Mbit/s Bit Frequency (max.) 

• LSB First or MSB First Data Transfer 

• Four Programmable Bit Rates 

• End of Transmission Interrupt Flag 

• Write Collision Flag Protection 

• Wakeup from Idle Mode (Slave Mode 
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Figure 39. SPI Block Diagram 
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The interconnection between master and slave CPUs with SPI is shown in Figure 40. The PB7(SCK) pin is the clock output 
in the master mode and is the clock input in the slave mode. Writing to the SPI data register of the master CPU starts the 
SPI clock generator, and the data written shifts out of the PB5(MOSI) pin and into the PB5(MOSI) pin of the slave CPU. 
After shifting one byte, the SPI clock generator stops, setting the end of transmission flag (SPIF). If the SPI interrupt enable 
bit (SPIE) in the SPCR register becomesset, an interrupt is requested. The Slave Select input, PB4(55), is set low to select 
an individual SPI device as a slave. The two shift registers in the Master and the Slave can be considered as one distrib- 
uted 16-bit circular shift register. This is shown in Figure 40. When data is shifted from the master to the slave, data is also 
shifted in the opposite direction, simultaneously. This means that during one shift cycle, data in the master and the slave 
are interchanged. 

MSB MASTER LSB 



;MISO MISO. 



MSB 



SLAVE LSB 



8 BIT SHIFT REGISTER 



SPI 

CLOCK GENERATOR 



8 BIT SHIFT REGISTER* 



IMOSI MOSIj „ 



SCK SCK; 



ISS 



SSi 



v cc 

Figure 40. SPI Master-Slave Interconnection 



The system is single buffered in the transmit direction and double buffered in the receive direction. This means that charac- 
ters to be transmitted cannot be written to the SPI Data Register before the entire shift cycle is completed. When receiving 
data, however, a received character must be read from the SPI Data Register before the next character has been com- 
pletely shifted in. Otherwise, the first character is lost. 

When the SPI is enabled, the data direction of the MOSI, MISO, SCK and 55 pins is overriden according to the following 
table: 



Table 14.SPI Pin Overrides 



Pin 


Direction, Master SPI 


Direction, Slave SPI 


MOSI 


User Defined 


Input 


MISO 


Input 


User Defined 


SCK 


User Defined 


Input 


SS 


User Defined 


Input 



SS Pin Functionality 

When the SPI is configured as a master (MSTR in SPCR is set), the user can determine the direction of the 55 pin. If 55 is 
configured as an output, the pin is a general output pin which does not affect the SPI system. If 55 is configured as an 
input, it must be hold high to ensure Master SPI operatin. If, in master mode, the 55 pin is input, and is driven low by 
peripheral circuitry, the SPI system interpretes this as that another master selects the SPI as a slave and will start sending 
data to it. To avoid bus contention, the SPI system takes the following actions: 

1. The MSTR bit in SPCR is cleared and the SPI system becomes a slave. As a result of the SPI becoming a slave, the 
MOSI and SCK pins become inputs. 

2. The SPIF flag in SPSR is set, and if the SPI interrupt is enabled, the interrupt routine will be executed. 

^— — — ^ iflmEi 



Thus, when interrupt-driven SPI transmittal is used in master mode, and there exists a possibility that SS is driven low, the 
interrupt should always check that the MSTR bit is still set. Once the MSTR bit has been cleared by a slave select, it must 
be set by the user. 

When the SPI is configured as a slave, the SB" is always input. When SS" is held low, the SPI is activated and MISO 
becomes an output if configured so by the user. All other pins are inputs When SS is driven low, all pins are inputs, and the 
SPI is passive, which means that it will not receive incoming data. 

Data Modes 

There are four combinations of SCK phase and polarity with respect to serial data, which are determined by control bits 
CPHA and CPOL. The SPI data transfer formats are shown in Figure 41 and Figure 42. 



SCK CYCLE # 
(FOR REFERENCE) 

SCK (CPOL=0) 
SCK (CPOL=1) 
MOSI 

(FROM MASTER) 

MISO 
(FROM SLAVE) 

SS (TO SLAVE) 




MSB X" 6 X 5 X 4 X 3 





• Not defined but normally MSB of character just received 

Figure 41. SPI Transfer Format with CPHA = 



i i i 



SCK CYCLE # 
(FOR REFERENCE) 

SCK (CPOL=0) 
SCK(CPOL=1) 
MOSI 

(FROM MASTER) 

MISO 
(FROM SLAVE) 

SS (TO SLAVE) 




MSB~> ; 6 X 5 X 4 "X 3 )C~2~~X , 1 X ~LSB 



X 



LSB 



I I I I I I I I I I I I I I 

* Not defined but normally LSB of previously transmitted character 
Figure 42. SPI Transfer Format with CPHA = 1 
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THE SPl CONTROL REGISTER - SPCR 



Bit 

$00 ($2D) 
Read/Write 
Initial value 



R/W 




R/W 




R/W 




R/W 




R/W 




R/W 
1 



R/W 




R/W 




Bit 7 - SPIE : SPl Interrupt Enable: 

This bit causes setting of the SPIF bit in the SPSR register to execute the SPl interrupt provided that global interrupts are 
enabled. 



Bit6-SPE:SPI Enable: 



When the SPE bit is set (one), the SPl is enabled. This bit must be set to enable any SPl operations. 
Bit 5 - DORP : Data ORDer: 

When the DORD bit is set (one), the LSB of the data word is transmitted first. 
When the DORD bit is cleared (zero), the MSB of the data word is transmitted first. 



Bit 4 - MSTR : Master/Slave Select: 

This bit selects Master SPl mode when set (one), and Slave SPl mode when cleared (zero). If 55 is configured as an input 
and is driven low whil MSTR is set, MSTR will be cleared, and SPIF in SPSR will become set. The user will then have to set 
MSTR to re-enable SPl master mode. 

Bit 3 - CPQ L : Clock POLarity: 

When this bit is set (one), SCK is high when idle. When CPOL is cleared (zero), SCK is low when idle. Refer to Figure 41 
and Figure 42 for additional information. 

Bit 2 - CPHA : Clock PHAse: 

Refer to Figure 41 or Figure 42 for the functionality of this bit. 
Bits 1.0 - SPR1. SPRO : SPl Clock Rate Select 1 and 0: 

These two bits control the SCK rate of the device configured as a master. SPR1 and SPR2 have no effect on the slave. The 
relationship between SCK and the Oscillator Clock frequency f cl is shown in the following table: 



Table 15. Relationship Between SCK and the Oscillator Frequency 



SPR1 


SPRO 


SCK Frequency 








fc,/4 





1 


fcl / I® 


1 





fcl / 64 


1 


1 


fcl / 128 



THE SPl STATUS REGISTER - SPSR 



Read/Write RRRRRRRR 
Initial value 00000000 



Bit 7 - SPIF : SPl Interrupt Flag: 

When a serial transfer is complete, the SPIF bit is set (one) and an interrupt is generated if SPIE in SPCR is set (one) and 
global interrupts are enabled. If 55 is an input and is driven low when the SPl is in master mode, this will also set the SPIF 
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flag. SPIF is cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, the SPIF bit is 
cleared by first reading the SPI status register with SPIF set (one), then accessing the SPI Data Register (SPDR). 



Bit 6 - WCOL : Write COLIision flag: 

The WCOL bit is set if the SPI data register (SPDR) is written during a data transfer. During data transfer, the result of read- 
ing the SPDR register may be incorrect, and writing to it will have no effect. The WCOL bit (and the SPIF bit) are cleared 
(zero) by first reading the SPI Status Register with WCOL set (one), and then accessing the SPI Data Register. 

Bit 5..0 - Res : Reserved bits: 

These bits are reserved bits in the AT90S8515 and will always read as zero. 

The SPI interface on the AT90S851 5 is also used for program memory and EEPROM downloading or uploading. See Page 
5-78 for serial programming and verification. 

THE SPI DATA REGISTER - SPDR 



Bit 


7 


6 


5 


4 


3 


2 


1 





$0F ($2F) 


MSB 














LSB | 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 



























SPDR 



The SPI Data Register is a read/write register used for data transfer between the register file and the SPI Shift register. 
Writing to the register initiates data transmission. Reading the register causes the Shift Register Receive buffer to be read. 

The UART 

The AT90S851 5 features a full duplex Universal Asynchronous Receiver and Transmitter (UART). The main features are: 

• Baud rate generator generates any baud rate 

• High baud rates at low XTAL frequencies 

• 8 or 9 bits data 

• Noise filtering 

• Overrun detection 

• Framing Error detection 

• False Start Bit detection 

• Three separate interrupts on TX Complete, TX Data Register Empty and RX Complete 
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Data Transmission 

A block schematic of the UART transmitter is shown in Figure 43. 
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REGISTER (USR) 
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TXC 
IRQ 



UDRE 
IRQ 



Figure 43. UART Transmitter 



Data transmission is initiated by writing the data to be transmitted to the UART I/O Data Register, UDR. Data is transferred 
from UDR to the Transmit shift register when: 

• A new character has been written to UDR after the stop bit from the previous character has been shifted out. The shift 
register is loaded immediately. 

• A new character has been written to UDR before the stop bit from the previous character has been shifted out. The shift 
register is loaded when the stop bit of the character currently being transmitted has been shifted out. 

If the 10(1 1)-bit Transmitter shift register is empty or when, data is transferred from UDR to the shift register. At this time 
the UDRE (UART Data Register Empty) bit in the UART Status Register, USR, is set. When this bit is set (one), the UART 
is ready to receive the next character. At the same time as the data is transferred from UDR to the 10(11)-bit shift register, 
bit of the shift register is cleared (start bit) and bit 9 or 10 is set (stop bit). If 9 bit data word is selected (the CHR9 bit in the 
UART Control Register, UCR is set), the TXB8 bit in UCR is transferred to bit 9 in the Transmit shift register. 



On the Baud Rate clock following the transfer operation to the shift register, the start bit is shifted out on the TXD pin. Then 
follows the data, LSB first. When the stop bit has been shifted out, the shift register is loaded if any new data has been writ- 
ten to the UDR during the transmission. During loading, UDRE is set. If there is no new data in the UDR register to send 
when the stop bit is shifted out, the UDRE flag will remain set until UDR is written again. When no new data has been writ- 
ten, and the stop bit has been present on TXD for one bit length, the TX Complete Flag, TXC, in USR is set. 

The TXEN bit in UCR enables the UART transmitter when set (one). By clearing this bit (zero), the PD1 pin can be used for 
general I/O. When TXEN is set, the UART Transmitter will be connected to the PD1 pin regardless of the setting of the 
DDD1 bit in DDRB. 

Data Reception 

Figure 44 shows a block diagram of the UART Receiver 

DATA BUS 



XTAL- 



BAUD RATE 
GENERATOR 



PIN CONTROL 
LOGIC 



PDO 






RXD 
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UART I/O DATA 
REGISTER (UDR) 



STORE UDR 
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LOGIC 



10(11)-BITRX 
SHIFT REGISTER 



UART CONTROL 
REGISTER (UCR) 















UART STATUS 
REGISTER (USR) 



DATA BUS 




RXC 
IRQ 

Figure 44. UART Receiver 

The receiver front-end logic samples the signal on the RXD pin at a frequency 16 times the baud rate. While the line is idle, 
one single sample of logical zero will be interpreted as the falling edge of a start bit, and the start bit detection sequence is 
initiated. Let sample 1 denote the first zero-sample. Following the 1 to O-transition, the receiver samples the RXD pin at 
samples 8, 9 and 10. If two or more of these three samples are found to be logical ones, the start bit is rejected as a noise 
spike and the receiver starts looking for the next 1 to O-transition. 
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If however, a valid start bit is detected, sampling of the data bits following the start bit is performed. These bits are also 
sampled at samples 8, 9 and 10. The logical value found in at least two of the three samples is taken as the bit value. All 
bits are shifted into the transmitter shift register as they are sampled. Sampling of an incoming character is shown in Figure 
45. 

RXD ^ ^ ^ ^ t ^ 

\START BIT/ DO V °1 V °2 V D3 V D4 V °5 V °6 V D7 / STOP BIT 

receiver \ L A A A A A A A / 

SAMPLING llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll Illlllllllllllllllllllllll 1 1 1 1 1 1 1 1 Iimilllil Illllllll 

Figure 45. Sampling Received Data 

When the stop bit enters the receiver, the majority of the three samples must be one to accept the stop bit. If two or more 
samples are logical zeros, the Framing Error (FE) flag in the UART Status Register (USR) is set. Before reading the UDR 
register, the user should always check the FE bit to detect Framing Errors. 

Whether or not a valid stop bit is detected at the end of a character reception cycle, the data is transferred to UDR and the 
RXC flag in USR is set. UDR is in fact two physically separate registers, one for transmitted data and one for received data. 
When UDR is read, the Receive Data register is accessed, and when UDR is written, the Transmit Data register is 
accessed. If 9 bit data word is selected (the CHR9 bit in the UART Control Register, UCR is set), the RXB8 bit in UCR is 
loaded with bit 9 in the Transmit shift register when data is transferred to UDR. 

If, after having received a character, the UDR register has not been read since the last receive, the OverRun (OR) flag in 
UCR is set. This means that the last data byte shifted into to the shift register could not be transferred to UDR and has been 
lost. The OR bit is buffered, and is updated when the valid data byte in UDR is read. Thus, the user should always check 
the OR bit after reading the UDR register in order to detect any overruns. 

By clearing the RXEN bit in the UCR register, the receiver is disabled. This means that the PDO pin can be used as a gen- 
eral I/O pin. When RXEN is set, the UART Receiver will be connected to the PDO pin regardless of the setting of the DDDO 
bit in DDRB. 



UART Control 

THE UART I/O DATA REGISTER - UDR 



Bit 




7 


6 


5 


4 


3 


2 


1 







$0C ($2C) 


1 


MSB 














LSB 


1 


Read/Write 




WW 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 




Initial value 































The UDR register is actually two physically separate registers sharing the same I/O address. When writing to the register, 
the UART Transmit Data register is written. When reading from UDR, the UART Receive Data register is read. 

THE UART STATUS REGISTER - USR 



Bit 




7 


6 


5 


4 


3 


2 


1 









$0B ($2B) 


1 


RXC 


TXC 


| UDRE 


FE 


OR 








I 


USR 


Read/Write 




R 


R 


R 


R 


R 


R 


R 


R 






Initial value 










1 






















The USR register is a read-only register providing information on the UART Status. 
Bit 7 - RXC: UART Receive Complete: 

This bit is set (one) when a received character is transferred from the Receiver Shift register to UDR. The bit is set regard- 
less of any detected framing errors. When the RXCIE bit in UCR is set, the UART Receive Complete interrupt will be exe- 
cuted when RXC is set(one). RXC is cleared by reading UDR. When interrupt-driven data reception is used, the UART 
Receive Complete Interrupt routine must read UDR in order to clear RXC, otherwise a new interrupt will occur once the 
interrupt routine terminates. 
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■ TXC : UART Transmit Complete: 

This bit is set (one) when the entire character (including the stop bit) in the Transmit Shift register has been shifted out and 
no new data has been written to UDR. This flag is especially useful in half-duplex communications interfaces, where a 
transmitting application must enter receive mode and free the communications bus immediately after completing the trans- 
mission. 

When the TXCIE bit in UCR is set, setting of TXC causes the UART Transmit Complete interrupt to be executed. TXC is 
cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, the TXC bit is cleared 

Bit 5 - UDRE : UART Data Register Empty: 

This bit is set (one) when a character written to UDR is transferred to the Transmit shift register. Setting of this bit indicates 
that the transmitter is ready to receive a new character for transmission. 

When the UDRIE bit in UCR is set, the UART Transmit Complete interrupt to be executed as long as UDRE is set. UDRE is 
cleared by writing UDR. When interrupt-driven data transmittal is used, the UART Data Register Empty Interrupt routine 
must write UDR in order to clear UDRE, otherwise a new interrupt will occur once the interrupt routine terminates. 
UDRE is set (one) during reset to indicate that the transmitter is ready. 

Bit 4 - FE : Framing Error: 

This bit is set if a Framing Error condition is detected, i.e. when the stop bit of an incoming character is zero. 
The FE bit is cleared when the stop bit of received data is one. 

Bit 3 - OR : OverRun: 

This bit is set if an Overrun condition is detected, i.e. when a character already present in the UDR register is not read 
before the next character has been shifted into the Receiver Shift register. The OR bit is buffered, which means that it will 
be set once the valid data still in UDRE is read. 



The OR bit is cleared (zero) when data is received and transferred to UDR. 
Bits 2..Q - Res : Reserved bits : 

These bits are reserved bits in the AT90S8515 and will always read as zero. 
THE UART CONTROL REGISTER - UCR 

Bit 7 6 » ' * -3 2 



$0A ($2A) | RXCIE | TXCIE | UDRIE | RXEN [ TXEN | CHR9 | RXB8 | TXB8 UCR 

Read/Write R/W R/W R/W R/W R/W R/W R W 

Initial value 00000000 

Bit 7 - R XCIE : RX Complete Interrupt Enable: 

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 6 - TXCIE : TX Complete Interrupt Enable: 

When this bit is set (one), a setting of the TXC bit in USR will cause the Transmit Complete interrupt routine to be executed 
provided that global interrupts are enabled. 

Bit 5 - UDRIE : UART Data Register Empty Interrupt Enable: 

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data Register Empty interrupt routine to be 
executed provided that global interrupts are enabled. 

Bit 4 - RXEN : Receiver Enable: 

This bit enables the UART receiver when set (one). When the receiver is disabled, the TXC, OR and FE status flags cannot 
become set. If these flags are set, turning off RXEN does not cause them to be cleared. 
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Bit 3 - TXEN : Transmitter Enable: 

This bit enables the UART transmitter when set (one). When disabling the transmitter while transmitting a character, the 
transmitter is not disabled before the character in the shift register plus any following character in UDR has been com- 
pletely transmitted. 

Bit 2 - CHR9 : 9 Bit Characters: 

When this bit is set (one) transmitted and received characters are 9 bit long plus start and stop bits. The 9th bit is read and 
written by using the RXB8 and TXB8 bits in UCR, respectively. The 9th data bit can be used as an extra stop bit or a parity 
bit. 



Bit 1 - RXB8 : Receive Data Bit 8 

When CHR9 is set (one), RXB8 is the 9th data bit of the received character. 



Bit Q - TXB8 : Transmit Data Bit 8 

When CHR9 is set (one), TXB8 is the 9th data bit in the character to be transmitted. 
THE BAUD RATE GENERATOR 

The baud rate generator is a frequency divider which generates baud-rates according to the following equation: 



BAUD = 



/CK 



16(UBRR+ 1) 



BAUD = Baud-Rate 

fck= Crystal Clock frequency 

UBRR= Contents of the UART Baud Rate register, UBRR (0-255) 




For standard crystal frequencies, the most commonly used baud rates can be generated by using the UBRR settings in 
Table 16. UBRR values which yield an actual baud rate differing less than 2% from the target baud rate, are bolded in the 
table. 



Table 16. UBRR Settings at Various Crystal Frequencies 



Baud Rate 


1 


MHz 


% Error 


1.8432 MHz 


%Error 


2 MHz 


% Error 


2.4576 MHz 


°oError 


2400 


UBRR= 


25 


0.2 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


63 


0.0 


4800 


UBRR= 


12 


0.2 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


31 


0.0 


9600 


UBRR= 


6 


7.5 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


15 


0.0 


14400 


UBRR= 


3 


7.8 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


10 


3.1 


19200 


UBRR= 


2 


7.8 


UBRR= 


5 


0.0 


UBRR= 


6 


7.5 


UBRR= 


7 


0.0 


28800 


UBRR= 


1 


7.8 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


6.3 


57600 


UBRR= 





7.8 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


12.5 


115200 


UBRR= 





84.3 


UBRR= 





0.0 


UBRR= 





7.8 


UBRR= 





25.0 



Baud Rate 


3.2768 MHz 


%Error 


3.6864 MHz 


%Error 


4 MHz 


% Error 


4.608 MHz 


% Error 


2400 


UBRR= 


84 


0.4 


UBRR= 


95 


0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


4800 


UBRR= 


42 


0.8 


UBRR= 


47 


0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


9600 


UBRR= 


20 


1.6 


UBRR= 


23 


0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


14400 


UBRR= 


13 


1.6 


UBRR= 


15 


0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


19200 


UBRR= 


10 


3.1 


UBRR= 


11 


0.0 


UBRR= 


12 


0.2 


UBRR= 


14 


0.0 


28800 


UBRR= 


6 


1.6 


UBRR= 


7 


0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


57600 


UBRR= 


3 


12.5 


UBRR= 


3 


0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


115200 


UBRR= 


1 


12.5 


UBRR= 


1 


0.0 


UBRR= 


1 


7.8 


UBRR= 


2 


20.0 



Baud Rate 


7.3728 MHz 


°oError 


8 MHz 


%Error 


9.216 MHz 


%Error 


11.059 MHz 


% Error 


2400 


UBRR= 


191 




0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


287 




4800 


UBRR= 


95 




0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


143 


0.0 


9600 


UBRR= 


47 




0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


71 


0.0 


14400 


UBRR= 


31 




0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


47 


0.0 


19200 


UBRR= 


23 




0.0 


UBRR= 


25 


0.2 


UBRR= 


29 


0.0 


UBRR= 


35 


0.0 


28800 


UBRR= 


15 




0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


23 


0.0 


57600 


UBRR= 


7 




0.0 


UBRR= 


8 


3.7 


UBRR= 


9 


0.0 


UBRR= 


11 


0.0 


115200 


UBRR= 


3 




0.0 


UBRR= 


3 


7.8 


UBRR= 


4 


0.0 


UBRR= 


5 


0.0 



Baud Rate 


14.746 MHz 


%Error 


16 MHz 


%Error 


18.432 MHz 


%Error 


20 MHz 


%Error 


2400 


UBRR= 


383 






UBRR= 


416 




UBRR= 


479 




UBRR= 


520 




4800 


UBRR= 


191 




0.0 


UBRR= 


207 


0.2 


UBRR= 


239 


0.0 


UBRR= 


259 




9600 


UBRR= 


95 




0.0 


UBRR= 


103 


0.2 


UBRR= 


119 


0.0 


UBRR= 


129 


0.2 


14400 


UBRR= 


63 




0.0 


UBRR= 


68 


0.6 


UBRR= 


79 


0.0 


UBRR= 


86 


0.2 


19200 


UBRR= 


47 




0.0 


UBRR= 


51 


0.2 


UBRR= 


59 


0.0 


UBRR= 


64 


0.2 


28800 


UBRR= 


31 




0.0 


UBRR= 


34 


0.8 


UBRR= 


39 


0.0 


UBRR= 


42 


0.9 


57600 


UBRR= 


15 




0.0 


UBRR= 


16 


2.1 


UBRR= 


19 


0.0 


UBRR= 


21 


1.4 



THE UART BAUD RATE REGISTER - UBRR 



Bit 7 6 5 4 3 2 1 

$09 ($29) MSB | | | | | | | LSB UBRR 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

Initial value 00000000 

The UBRR register is an 8-bit read/write register which specifies the UART Baud Rate according to the equation on the 
previous page. 
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The Analog Comparator 

The analog comparator compares the input values on the positive pin PB2 (AINO) and negative pin PB3 (AIN1). When the 
voltage on the positive pin PB2 (AINO) is higher than the voltage on the negative pin PB3 (AIN1), the Analog Comparator 
Output, ACO is set (one). The comparator's output can be set to trigger the Timer/Counterl Input Capture function. In addi- 
tion, the comparator can trigger a separate interrupt, exclusive to the Analog Comparator. The user can select Interrupt trig- 
gering on comparator output rise, fall or toggle. A block diagram of the comparator and its surrounding logic is shown in 
Figure 46. 
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(AINO) 














PB3 
(AIM) 









ACIE 



INTERRUPT 
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ACIS1 ACISO 
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) ► COMPARATOR 

IRQ 

► ACI 



ACIC 



ACO 



TO T/C1 CAPTURE 
TRIGGER MUX 



Figure 46. Analog Comparator Block Diagram 
THE ANALOG COMPARATOR CONTROL AND STATUS REGISTER - ACSR 



Read/Write 
Initial value 





7 


6 


5 


4 


3 


2 


1 





I 


ACD 




ACO 


ACI 


ACIE 


ACIC 


ACIS1 


| ACISO | 




RAV 


R 


R 


R/W 


R/W 


R/W 


R/W 


R/W 





























ACSR 




Bit 7 - ACD : Analog Comparator Disable 

When this bit is set(one), the power to the analog comparator is switched off. This bit can be set at any time to turn off the 
analog comparator. It is most commonly used if power consumption during Idle Mode is critical, and wake-up from the ana- 
log comparator is not required. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing 
the ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed. 

Bit 6 - Res i Reserved bit: 

This bit is a reserved bit in the AT90S8515 and will always read as zero. 

Bit 5 - ACO : Analog Comparator Output: 

ACO is directly connected to the comparator output. 

Bit 4 - ACI : Analog Comparator Interrupt Flag: 

This bit is set (one) when a comparator output event triggers the interrupt mode defined by ACM and ACIO. The Analog 
Comparator Interrupt routine is executed if the ACIE bit is set (one) and the l-bit in SREG is set (one). ACI is cleared by 
hardware when executing the corresponding interrupt handling vector. Alternatively, ACI is cleared by writing a logic one to 
the flag. 

Bit 3 - ACIE : Analog Comparator Interrupt Enable: 

When the ACIE bit is set (one) and the l-bit in the Status Register is set (one), the analog comparator interrupt is activated. 
When cleared (zero), the interrupt is disabled. 
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Bit 2 - ACIC : Analog Comparator Input Capture enable: 

When set (one), this bit enables the Input Capture function in Timer/Counterl to be triggered by the analog comparator. 
The comparator output is in this case directly connected to the Input Capture front-end logic, making the comparator utilize 
the noise canceler and edge select features of the Timer/Counterl Input Capture interrupt. When cleared (zero), no con- 
nection between the analog comparator and the Input Capture function is given. To make the comparator trigger the Timer/ 
Counterl Input Capture interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one). 

Bits 1.0 - ACIS1. ACISO : Analog Comparator Interrupt Mode Select: 

These bits determine which comparator events that trigger the Analog Comparator interrupt. The different settings are 
shown in Table 17. 

Table 17. ACIS1/ACIS0 Settings 



ACIS1 


ACISO 


Interrupt Mode 








Comparator Interrupt on Output Toggle 




1 


Reserved 


1 





Comparator Interrupt on Falling Output Edge 


1 


1 


Comparator Interrupt on Rising Output Edge 



Note: When changing the ACIS1/ACIS0 bits, The Analog Comparator Interrupt must be disabled by clearing its Interrupt Enable 

bit in the ACSR register. Otherwise an interrupt can occur when the bits are changed. 

I/O-Ports 
Port A 

PORT A is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port A, one each for the Data Register - PORTA, $1B($3B), 
Data Direction Register - DDRA, $1A($3A) and the Port A Input Pins - PINA, $19($39). The Port A Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The PORT A output buffers can sink 20mA and thus drive LED displays 
directly. When pins PAO to PA7 are used as inputs and are externally pulled low, they will source current (l IL ) if the internal 
pullups are activated. 

The PORT A pins have alternate functions related to the optional external data SRAM. PORT A can be configured to be the 
multiplexed low-order address/data bus during accesses to the external data memory. In this mode, PORT A has internal 
pullups. 

When PORT A is set to the alternate function by the SRE - External SRAM Enable - bit in the MCUCR - MCU Control Reg- 
ister, the alternate settings override the data direction register. 
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THE PORT A DATA REGISTER - PORTA 



Bit 

$1B($3B) 


7 


6 


5 


4 


3 


2 


1 





| PORTA7 


PORTA6 


P0RTA5 


PORTA4 


PORTA3 


PORTA2 


PORTA1 


PORTAO | 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 


























THE PORT A DATA DIRECTION REGISTER - 


DDRA 










Bit 


7 


6 


5 


4 


3 


2 


1 






$1A ($3 A) 
Read/Write 
Initial value 



DDA6 



R/W 




R/W 




DDA3 DDA2 

R/W R/W 

- 







THE PORT A INPUT PINS ADDRESS - PINA 



R/W 




Bit 

$19 ($39) 
Read/Write 
Initial value 



PINA7 



PINA6 



PINA3 



R 

Hi-Z 



HI-2 



R 
Hi-Z 



R 
Hi-Z 



-R 

Hi-Z 



PINA2 



R 
Hi-Z 



R 
Hi-Z 



R/W 




PINAO 



Hi-Z 



The Port A Input Pins address - PINA - is not a register, and this address enables access to the physical value on each Port 
A pin. When reading PORTA the PORTA Data Latch is read, and when reading PINA, the logical values present on the 
pins are read. 

PORTA AS GENERAL DIGITAL I/O 

All 8 bits in PORT A are equal when used as digital I/O pins. 

PAn, General I/O pin: The DDAn bit in the DDRA register selects the direction of this pin, if DDAn is set (one), PAn is con- 
figured as an output pin. If DDAn is cleared (zero), PAn is configured as an input pin. If PORTAn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTAn has to be 
cleared (zero) or the pin has to be configured as an output pin. 



Table 18. DDAn Effects on PORT A Pins 



DDAn 


PORTAn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PAn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 




1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6.. .0, pin number. 
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PORT A SCHEMATICS 

Note that all port pins are synchronized. The synchronization latch is however, not shown in the figure. 




WP: WRITE PORTA 

WD: WRITE DORA 

RL: READ PORTA LATCH 

RP: READ PORTA PIN 

RD: READ DDRA 

SRE: EXT SRAM ENABLE 

A ADDRESS 

D: DATA 



Figure 47. PORTA Schematic Diagrams (Pins PAO - PA7) 

Port B 

Port B is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port B, one each for the Data Register - PORTB, $18($38), 
Data Direction Register - DDRB, $17($37) and the Port B Input Pins - PINB, $16($36). The Port B Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The Port B output buffers can sink 20mA and thus drive LED displays 
directly. When pins PBO to PB7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 
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The Port B pins with alternate functions are shown in the following table: 
Table 19. Port B Pins Alternate Functions 



Port Pin 


Alternate Functions 








PBO 


TO (Timer/Counter external counter input) 








PB1 


T1 (Timer/Counter 1 external counter input) 


PB2 


AINO (Analog comparator positive input) 


PB3 


AIN1 (Analog comparator negative input) 


PB4 


55 (SPI Slave Select input) 


PB5 


MOSI (SPI Bus Master Output/Slave Input) 








PBS 


MISO (SPI Bus Master Input/Slave Oulput) 


PB7 


SCK (SPI Bus Serial Clock) 















When the pins are used for the alternate function the DDRB and PORTB register has to be set j 
function description. 

THE PORT B DATA REGISTER - PORTB 



ding to the alternate 



Bit 


7 


6 


5 


4 


3 


2 


1 





$18 ($38) 


| PORTB7 


PORTB6 


PORTB5 


PORTB4 


P0RTB3 


PORTB2 


PORTB1 


PORTBO | 


Read/Write 


R/W 


R/W 


R/W 


R W 


R/W 


R/W 


R/W 


R/W 


Initial value 



























THE PORT B DATA DIRECTION REGISTER - DDRB 




Bit 



Read/Write 
Initial value 



7 


6 


5 


4 


3 


2 


1 







DDB7 


1 °z 


DDB5 


DDB4 


DDB3 


DDB2 


DDB1 


DDB( 


| DDRB 


R/W 




R/W 


RW 


R/W 


R/W 


R/W 


R/W 































THE PORT B INPUT PINS ADDRESS - PINB 

Bit 7 6 5 



PINB 



Read/Write 
Initial value 



R 

Hi-Z 



R 
Hi-Z 



R 
Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



Hi-Z 



R 
Hi-Z 



B 

Hi-Z 



The Port B Input Pins address - PINB - is not a register, and this address enables access to the physical value on each Port 
B pin. When reading PORTB, the PORTB Data Latch is read, and when reading PINB, the logical values present on the 
pins are read. 

PORTB AS GENERAL DIGITAL I/O 

All 8 bits in port B are equal when used as digital I/O pins. 

PBn, General I/O pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con- 
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTBn has to be 
cleared (zero) or the pin has to be configured as an output pin. 
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Table 20. DDBn Effects on Port B Pins 



DDBn 


PORTBn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 







1 


Input 


Yes 


PBn will source current (n L ) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTB 

The alternate pin configuration is as follows: 



SCK- PORTB. Bit 7: 

SCK: Master clock output, slave clock input pin for SPI channel. When the SPI is enabled as a slave, this pin is configured 
as an input regardless of the setting of DDB7. When the SPI is enabled as a master, the data direction of this pin is con- 
trolled by DDB7. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB7 bit. See the 
description of the SPI port for further detatils. 

MI$Q - PORTB, Bit fr 

MISO: Master data input, slave data output pin for SPI channel. When the SPI is enabled as a master, this pin is configured 
as an input regardless of the setting of DDB6. When the SPI is enabled as a slave, the data direction of this pin is controlled 
by DDB6. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB6 bit. See the description of 
the SPI port for further detatils. 

MQSI - PORTB, Bit 5 ; 

MOSI: SPI Master data output, slave data input for SPI channel. When the SPI is enabled as a slave, this pin is configured 
as an input regardless of the setting of DDB5. When the SPI is enabled as a master, the data direction of this pin is con- 
trolled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB5 bit. See the 
description of the SPI port for further detatils. 

SS - PORTB. Bit 4: 

5S: Slave port select input. When the SPI is enabled as a slave, this pin is configured as an input regardless of the setting 
of DDB5. As a slave, the SPI is activated when this pin is driven low. When the SPI is enabled as a master, the data direc- 
tion of this pin is controlled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the 
PORTB5 bit. See the description of the SPI port for further detatils. 

AIN1 - PORTB. Bit 3 

AIN1 , Analog Comparator Negative Input. When configured as an input (DDB3 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB3 is cleared (zero)), this pin also serves as the negative input of the on-chip analog compar- 
ator. 

AINO - PORTB. Bit 2 

AINO, Analog Comparator Positive Input. When configured as an input (DDB2 is cleared (zero)) and with the internal MOS 
pull up resistor switched off (PB2 is cleared (zero)), this pin also serves as the positive input of the on-chip analog compar- 
ator. 

T1 - PORTB, Bit 1: 

T1 , Timer/Counterl counter source. See the timer description for further details 
TO - PORTB. Bit 0: 

TO: Timer/CounterO counter source. See the timer description for further details. 
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PORT B SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 
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PULL- 
UP 



SENSE CONTROL 
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Figure 48. PORTB Schematic Diagram (Pins PBO and PB1) 
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Figure 49. PORTB Schematic Diagram (Pins PB2 and PB3) 
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Figure 50. PORTB Schematic Diagram (Pin PB4) 
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Figure 51. PORTB Schematic Diagram (Pin PB5) 
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Figure 52. PORTB Schematic Diagram (Pin PB6) 
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Figure 53. PORTB Schematic Diagram (Pin PB7) 



PortC 

PORT C is an 8-bit bi-directional I/O port. 

Three data memory address locations are allocated for the Port C, one each for the Data Register - PORTC, $15($35), 
Data Direction Register - DDRC, $14($34) and the Port C Input Pins - PINC, $13($33). The Port C Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

All port pins have individually selectable pullups. The PORT C output buffers can sink 20mA and thus drive LED displays 
directly. When pins PCO to PC7 are used as inputs and are externally pulled low, they will source current (l, L ) if the internal 
pullups are activated. 

The PORT C pins have alternate functions related to the optional external data SRAM. PORT C can be configured to be 
the high-order address byte during accesses to external data memory. In this mode, PORT C uses internal pullups when 
emitting 1's. 

When PORT C is set to the alternate function by the SRE - External SRAM Enable - bit in the MCUCR - MCU Control Reg- 
ister, the alternate settings override the data direction register. 

THE PORT C DATA REGISTER - PORTC 



Bit 


7 


6 


5 


4 


3 


2 


1 





$15 ($35) 


| PORTC7 


P0RTC6 


PORTC 5 


PORTC4 


P0RTC3 


P0RTC2 


P0RTC1 


PORTC0 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 



























THE PORT C DATA DIRECTION REGISTER - DDRC 



Bit 

$14 ($34) 
Read/Write 
initial value 



R/W 





^DC6_ 



WW 




R/W 





THE PORT C INPUT PINS ADDRESS - PINC 



DDC4 

R/W 



DDC3 



R/W 




R/W 
° 



DDCO DDRC 



R/W 





Bit 

$13 ($33) 
Read/Write 
Initial value 



PINC6 



R 

Hi-Z 



R 

Hi-Z 



PINC5 



PINC4 | PINC3 



R 

Hi-Z 



R 

Hi-Z 



PINC2 



PINC1 



R 

Hi-Z 



R 

Hi-Z 



R 
Hi-Z 



The Port C Input Pins address - PINC - is not a register, and this address enables access to the physical value on each 
Port C pin. When reading PORTC, the PORTC Data Latch is read, and when reading PINC, the logical values present on 
the pins are read. 

PORTC AS GENERAL DIGITAL I/O 

All 8 bits in PORT C are equal when used as digital I/O pins. 

PCn, General I/O pin: The DDCn bit in the DDRC register selects the direction of this pin, if DDCn is set (one), PCn is con- 
figured as an output pin. If DDCn is cleared (zero), PCn is configured as an input pin. If PORTCn is set (one) when the pin 
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, PORTCn has to be 
cleared (zero) or the pin has to be configured as an output pin. 



Table 21. DDCn Effects on PORT C Pins 



DDCn 


PORTCn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PCn will source current (l| L ) if ext. pulled low. 


1 





Output 


No 


Push-Puil Zero Output 


1 


1 


Output 




No 




Push-Pull One Output 

I 1 



n: 7...0, pin number 
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PORT C SCHEMATICS 

Note that all port pins are synchronized. The synchronization latch is however, not shown in the figure. 
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Figure 54. PORTC Schematic Diagram (Pins PCO - PC7) 
Port D 

Port D is an 8 bit bi-directional I/O port with internal pullups. 

Three data memory address locations are allocated for the Port D, one each for the Data Register - PORTD, $12($32), 
Data Direction Register - DDRD, $1 1 ($31) and the Port D Input Pins - PIND, $10($30). The Port D Input Pins address is 
read only, while the Data Register and the Data Direction Register are read/write. 

The Port D output buffers can sink 20 mA. As inputs, Port D pins that are externally pulled low will source current (l, L ) if the 
pullups are activated. 

Some Port D pins have alternate functions as shown in the following table: 
Table 22. Port D Pins Alternate Functions 




Port Pin 


Alternate Function 




PDO 


RDX (UART Input line ) 


PD1 


TDX (UART Output line) 




PD2 


INTO (External interrupt input) 


PD3 


INT1 (External interrupt 1 input) 


PD5 


OC1A (Timer/Counterl Output compareA match output) 


PD6 


WH (Write strobe to external memory) 


PD7 


RTJ (Read strobe to external memory) 



When the pins are used for the alternate function the DDRD and PORTD register has to be set according to the alternate 
function description. 



THE PORT D DATA REGISTER - PORTD 



Bit 7 

$12 ($32) | PORTD7 ' 
Read/Write R/W 
Initial value 



I PORTD5 

' R/W 



R/W 






THE PORT D DATA DIRECTION REGISTER - DDRD 



R/W 




R/W 





THE PORT D INPUT PINS ADDRESS - PIND 



Bil 

$10 ($30) 
Read/Write 
Initial value 



6 

PIND6 



R 

Hi-Z 



R 
Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



R 

Hi-Z 



R/W 




R 

Hi-Z 



R/W 





Bit 


7 


6 


5 


4 


3 


2 


1 





$11 ($31) 


| DDD7 


DDD6 


DDDS 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO | 


Read/Write 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


R/W 


Initial value 



























R 
Hi-Z 



DDRD 



PIND 



The Port D Input Pins address - PIND - is not a register, and this address enables access to the physical value on each 
Port D pin. When reading PORTD, the PORTD Data Latch is read, and when reading PIND, the logical values present on 
the pins are read. 

PORTD AS GENERAL DIGITAL I/O 

PDn, General I/O pin: The DDDn bit in the DDRD register selects the direction of this pin. If DDDn is set (one), PDn is con- 
figured as an output pin. If DDDn is cleared (zero), PDn is configured as an input pin. If PDn is set (one) when configured 
as an input pin the MOS pull up resistor is activated. To switch the pull up resistor off the PDn has to be cleared (zero) or 
the pin has to be configured as an output pin. 



Table 23. DDDn Bits on Port D Pins 



DDDn 


PORTDn 


I/O 


Pull up 


Comment 








Input 


No 


Tri-state (Hi-Z) 





1 


Input 


Yes 


PDn will source current (IIL) if ext. pulled low. 


1 





Output 


No 


Push-Pull Zero Output 


1 


1 


Output 


No 


Push-Pull One Output 



n: 7,6. ..0, pin number. 

ALTERNATE FUNCTIONS OF PORTD 



HD-PQRTP , Bit 7: 

RTJ is the external data memory read control strobe. 
WH- PORTD. Bit 6: 

WR is the external data memory write control strobe. 
OC1- PORTD. Bit 5: 

OC1, Output compare match output: The PD5 pin can serve as an external output when the Timer/CounteM compare 
matches. The PD5 pin has to be configured as an output (DDD5 set (one)) to serve this function. See the Timer/Counterl 
description for further details, and how to enable the output. The OC1 pin is also the output pin for the PWM mode timer 
function. 
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INT1 - PORTD. Bit 3: 

INT1, External Interrupt source 1: The PD3 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 

INTO - PORTD. Bit 2: 

INTO, External Interrupt source 0: The PD2 pin can serve as an external interrupt source to the MCU. See the interrupt 
description for further details, and how to enable the source. 

TXD- PORTD. Bit 1: 

Transmit Data (Data output pin for the UART). When the UART transmitter is enabled, this pin is configured as an output 
regardless of the value of DDRD1 . 



RXD - PORTD. Bit 0: 



Receive Data (Data input pin for the UART). When the UART receiver is enabled this pin is configured as an output regard- 
less of the value of DDRDO. When the UART forces this pin to be an input, a logical one in PORTDO vill 



) vill turn on the internal 

pull-up. 

PORTD SCHEMATICS 

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures. 




: UART RECEIVE ENABLE 




Figure 55. PORTD Schematic Diagram (Pin PDO) 
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Figure 56. PORTD Schematic Diagram (Pin PD1) 
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Figure 57. PORTD Schematic Diagram (Pins PD2 and PD3) 
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Figure 58. PORTD Schematic Diagram (Pin PD4) 
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Figure 59. PORTD Schematic Diagram (Pin PD5) 
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WE: WRITE ENABLE 
SRE: EXTERNAL SRAM ENABLE 



Figure 60. PORTD Schematic Diagram (Pin PD6) 




WRITE PORTD 
WRITE DDRD 
READ PORTD LATCH 
READ PORTD PIN 
Rfi: READ DDRD 
RE READ ENABLE 
SRE: EXTERNAL SRAM ENABLE 



Figure 61. PORTD Schematic Diagram (Pin PD7) 
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Memory Programming 
Program Memory Lock Bits 

The AT90S851 5 MCU provides two lock bits which can be left unprogrammed ('1 ') or can be programmed ('0') to obtain the 
additional features listed in Table 24. 

Table 24. Lock Bit Protection Modes 



Program Lock Bits 


Protection Type 


Mode 


LB1 


LB2 




1 


1 


1 


No program lock features 


2 





1 


Further programming of the Flash is disabled 


3 








Same as mode 2, but verify is also disabled. 



Note: The Lock Bits can only be erased with the Chip Erase operation. 

Fuse Bits 

The AT90S8515 has two fuse bits, SPIEN and FSTRT. 

• When SPIEN is programmed ('0'), Serial Program Downloading is enabled. Default value is programmed ('0'). 

• When FSTRT is programmed ('0'), the short start-up time is selected. Default value is unprogrammed ('1 '). Parts with this 
bit pre-programmed ('0') can be delivered on demand. 

These bits are not accessible in Serial Programming Mode and are not affected by a chip erase. 

Signature Bytes 

All Atmel microcontrollers have a three-byte signature code which identifies the device. This code can be read in both serial 
and parallel mode. The three bytes reside in a separate address space, and for the AT90S8515 they are: 



1 . $000: $1 E (indicates manufactured by Atmel) 

2. $001 : $93 (indicates 8kB Flash memory) 

3. $002: $01 (indicates 90S851 5 device when $001 is $93) 

Programming the Flash and EEPROM 

Atmel's AT90S8515 offers 8K bytes of in-system reprogrammable Flash Program memory and 512 bytes of EEPROM Data 
memory. 

The AT90S8515 is normally shipped with the on-chip Flash Program and EEPROM Data memory arrays in the erased 
state (i.e. contents = $FF) and ready to be programmed. This device supports a High-Voltage (12V) Parallel programming 
mode and a Low-Voltage Serial programming mode. The +12V is used for programming enable only, and no current of sig- 
nificance is drawn by this pin. The serial programming mode provides a convenient way to download the Program and Data 
into the AT90S8515 inside the user's system. 

The Program and Data memory arrays on the AT90S8515 are programmed byte-by-byte in either programming modes. 
For the EEPROM, an auto-erase cycle is provided with the self-timed programming operation in the serial programming 
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Parallel Programming 

This section describes how to parallel program and verify Flash Program memory, EEPROM Data memory + Program 
Memory Lock bits and Fuse bits in the AT90S8515. 



PD1 
P02 
PD2 
PD3 

XAO *\ PD4 



rdy/bsy ■ 

61 - 
WR - 



_n_- 



VCC 
PB0-PB7 



XTAL1 

GND RST 



Figure 62. Parallel Programming 

SIGNAL NAMES 

In this section, some pins of the AT90851 5 are referenced by signal names describing their functionality during parallel pro- 
gramming rather than their pin names. Pins not described in the following table are referenced by pin names. 

Table 25. Pin Name Mapping 



Signal Name in Programming 
Mode 


Pin Name 


I/O 


Function 


RDY/BSY 


PD1 





0: Device is busy programming, 1: Device is ready for new command 


DE 


PD2 




Output Enable (Active Low) 


WR 


PD3 




Write Pulse (Active Low) 


BS 


PD4 




Byte Select 


XAO 


PD5 




XTAL Action Bit 


XA1 


PD6 




XTAL Action Bit 1 



The XA1/XA0 bits determine the action taken when the XTAL1 pin is given a positive pulse. The bit settings are shown in 
the following table: 



Table 26. XA1 and XAO Coding 



XA1 


XAO 


Action when XTAL1 is Pulsed 








Load Flash or EEPROM Address (High or Low address byte for Flash determined by BS) 





1 


Load Data (High or Low data byte for Flash determined by BS) 


1 





Load Command 


1 


1 


No Action, Idle 
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When pulsing WH or 0~E, the command loaded determines the action on input or output. The command is a byte where the 
different bits are assigned functions as shown in the following table: 

Table 27. Command Byte Bit Coding 



Bit# 


Meaning when Set 


7 


Chip Erase 


6 


Write Fuse Bits. Located in the data byte at the following bit positions: 

D5: SPIEN Fuse, DO: FSTRT Fuse (Note: Write '0' to program, 'V to erase) 




5 


Write Lock Bits. Located in the data byte at the following bit positions: 
D1: LB1, DO: LB2 (Note: write '0' to program) 


4 


Write Flash or EEPROM (determined by bit 0) 


3 


Read signature row 


2 


Read Lock and Fuse Bits. Located in the data byte at the following bits positions: 
D7:LB1, D6: LB2, D5: SPIEN Fuse, DO: FSTRT Fuse (Note: '0' means programmed) 


1 


Read from Flash or EEPROM (determined by bit 0) 





: Flash Access, 1 : EEPROM Access 



ENTER PROGRAMMING MODE 

The following algorithm puts the device in parallel programming mode: 

1 . Apply 4.5 - 5.5 V between VCC and GND. 

2. Set HbShl and BS pins to '0' and wait at least 1 00 ns. 

3. Apply 12V to and wait at least 100 ns before changing BS. 
CHIP ERASE 

The chip erase will erase the Flash and EEPROM memories plus Lock bits. The lock bits are not reset until the program 
memory has been completely erased. The Fuse bits are not changed. A chip erase must be performed before the chip is 
programmed. 

Load Command "Chip Erase" 

1. Set XA1, XA0 to '10'. This enables command loading. 

2. Set BS to '0'. 

3. Set PB(7:0) to '1000 0000'. This is the command for Chip erase. 

4. Give XTAL1 a positive pulse. This loads the command, and starts the erase of the Flash and EEPROM arrays. After 
pulsing XTAL1 , give WR a negative pulse to enable lock bit erase at the end of the erase cycle, then wait for at least 10 
ms. Chip erase does not generate any activity on the RDY/BSY pin. 

PROGRAMMING THE FLASH 

Load Command "Program Flash" 

1 . Set XA1 , XA0 to '1 0'. This enables command loading. 

2. Set BS to '0' 

3. Set PB(7:0) to '0001 0000'. This is the command for Flash programming. 

4. Give XTAL1 a positive pulse. This loads the command. 
Load Address Low byte 

1 . Set XA1 , XA0 to '00'. This enables address loading. 

2. Set BS to '0'. This selects Low address. 

3. Set PB(7:0) = Address Low byte ($00 - $FF) 

4. Give XTAL1 a positive pulse. This loads the Address Low byte. 




Load Address High byte 

1 . Set XA1 , XAO to '00'. This enables address loading. 

2. Set BS to '1*. This selects High address. 

3. Set PB(7:0) = Address High byte ($00 - $0F) 

4. Give XTAL1 a positive pulse. This loads the Address High byte. 
Load Data byte 

1 . Set XA1 , XAO to '01 '. This enables data loading. 

2. Set PB(7:0) = Data Low byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 
Write Data Low byte 

1 . Set BS to ('0'). 

2. Give WR a negative pulse. This starts programming ot the data byte. RDY/BSY goes low. 

3. Wait until RDY/BSY goes high to program the next byte. 
Load Data byte 

1. Set XA1, XAO to '01'. This enables data loading. 

2. Set PB(7:0) = Data High byte ($00 - $FF) 

3. Give XTAL1 a positive pulse. This loads the Data byte. 
Write Data High byte 

LSetBS to 1*. 

2. Give WR a negative pulse. This starts programming of the data byte. RDY / BSY goes low. 

3. Wait until RDY / BSY goes high to program the next byte. 

The loaded command and address are retained in the device during programming. To simplify programming, the following 
should be considered. 

• The command for Flash programming needs only be loaded before programming of the first byte. 

• Address High byte needs only be loaded before programming a new 256 word page in the Flash. 



PB7 X * 1Q X ADDR - L0W X ADDR - HIGH A DATALQW >< 



XA1 

XAO . 



"X. 



BS . 
XTAL 1 . 
WR 
RDY/BSY 



_/ V 



RESET 12V 
61 



Figure 63. Programming Flash Low Byte 
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DATA HIGH X 







XA1 . 

XAO . 



XTAL1 



WR 
RDY/BSY 



V 



OE 



Figure 64. Programming Flash High Byte 



PROGRAMMING THE EEPROM 

The programming algorithm for the EEPROM data memory is as follows (refer to Flash Programming for details on Com- 
mand, Address and Data load 



1. Load Command '0001 000T. 

2. Load Low EEPROM Address ($00 - $FF) 

3. Load High EEPROM Address ($00 - $01) 

4. Load Low EEPROM Data ($00 - $FF) 

5. Give WR a negative pulse and wait for RDY/BSY to go high. 
The Command needs only be loaded before programming the first byte. 
READING THE FLASH 

The algorithm for reading the Flash memory is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0000 0010'. 

2. Load Low Address ($00 - $FF) 

3. Load High Address ($00 - $0F) 

4. Set OE to '0', and BS to '0'. The Low Data byte can now be read at PB(7:0) 

5. Set BS to '1'. The High Data byte can now be read from PB(7:0) 

6. SetOEto '1'. 

The Command needs only be loaded before reading the first byte. 
READING THE EEPROM 

The algorithm for reading the EEPROM memory is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1 . Load Command '0000 001 1 '. 

2. Load Low EEPROM Address ($00 - $FF) 

3. Load High EEPROM Address ($00 - $FF) 

4. Set OE to '0', and BS to '0'. The EEPROM Data byte ca 

5. SetOEto '1'. 

The Command needs only be loaded before reading the first byte. 




PBl... 



PROGRAMMING THE FUSE BITS 

The algorithm for programming the Fuse bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0100 0000'. 

2. Load Data. 

Bit 5 = '0' programs the SPIEN Fuse bit. Bit 5 = '1' erases the SPIEN Fuse bit. 
Bit = '0' programs the FSTRT fuse bit. Bit 5 = '1' erases the FSTRT fuse bit. 

3. Give WR a negative pulse and wait for RDY/B5Y to go high. 
PROGRAMMING THE LOCK BITS 

The algorithm for programming the Lock bits is as follows (refer to Flash Programming for details on Command, Address 
and Data loading): 

1. Load Command '0010 0000'. 

2. Load Data. 

Bit 2 = '0' programs Lock Bit2 
Bit 1 = '0' programs Lock Bit1 

3. Give WR a negative pulse and wait for RDY/BSY to go high. 
The lock bits can only be cleared by executing a chip erase. 
READING THE FUSE AND LOCK BITS 

The algorithm for reading the Fuse and Lock bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 0100'. 

2. Set OE to '0', and BS to '1 '. The Status of Fuse and Lock bits can now be read at PB(7:0) 
Bit 7: Lock Bit1 ('0' means programmed) 

Bit 6: Lock Bit2 ('0' means programmed) 

Bit 5: SPIEN Fuse ('0' means programmed, T means erased) 

Bit 0: FSTRT Fuse ('0' means programmed, '1' means erased) 

3. SetOEto T. 

Observe especially that BS needs to be set to '1'. 
READING THE SIGNATURE BYTES 

The algorithm for reading the Signature Bytes bits is as follows (refer to Flash Programming for details on Command, 
Address and Data loading): 

1. Load Command '0000 1000'. 

2. Load Low address ($00 - $02) 

3. Set OE to '0', and BS to '0'. The Selected Signature byte can now be read at PB(7:0) 

4. SetOEto T. 

The command needs only be programmed before reading the first byte. 
Serial Downloading 

Both the Program and Data memory arrays can be programmed using the serial SPI bus while RESET is pulled to GND. 
The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RESET is set low, the Programming 
Enable instruction needs to be executed first before program/erase operations can be executed. 

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming operation (in the serial 
mode ONLY) and there is no need to first execute the Chip Erase instruction. The Chip Erase operation turns the content of 
every memory location in both the Program and EEPROM arrays into $FF. 

The Program and EEPROM memory arrays have separate address spaces: 

$0000 to $0FFF for Program memory and $0000 to $001 FF for EEPROM memory. 
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Either an external system clock is supplied at pin XTAL1 or a crystal needs to be connected across pins XTAL1 and 
XTAL2.The minimum low and high periods for the serial clock (SCK) input are defined as follows: 
Low: > 1 XTAL1 clock cycle 
High: > 4 XTAL1 clock cycles 
SERIAL PROGRAMMING ALGORITHM 

To program and verify the AT90S8515 in the serial programming mode, the following sequence is recommended (See four 
byte instruction formats in Table 28): 

1. Power-up sequence: 

Apply power between VCC and GND while RESET and SCK are set to '0'. (If the programmer can not guarantee that 
SCK is held low during power-up, RESET must be given a positive pulse after SCK has been set to '0'.) If a crystal is 
not connected across pins XTAL1 and XTAL2, apply a to 20 MHz clock to the XTAL1 pin. 

2. Wait for at least 20 ms and enable serial programming by sending the Programming Enable serial instruction to pin 
MOSI/PB5. Refer to the above section for minimum high and low periods for the serial clock input (SCK). 

3. If a chip erase is performed (must be done to erase the Flash), wait 10ms, give RESET a positive pulse and start over 
again from Step 2. 

4. The Flash or EEPROM array is programmed one byte at a time by supplying the address and data together with the 
appropriate Write instruction. An EEPROM memory location is first automatically erased before new data is written. 
The next byte can be written after 4 ms. 

5. Any memory location can be verified by using the Read instruction which returns the content at the selected address at 
serial output MISO/PB6. 

6. At the end of the programming session, RESET can be set high to commence normal operation. 

7. Power-off sequence (if needed): 

Set XTAL1 to '0' (if a crystal is not used). 
Set RESET to T. 
Turn V cc power off 
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Table 28. Serial Programming Instruction Set 



Instruction 


Instruction Format 


Operation 




Byte 1 


Byte 2 


Byte 3 


Byte4 




Programming Enable 


1010 1100 


0101 0011 


XXXX XXXX 


xxxx xxxx 


Enable Serial Programming after 
RESET goes low. 


Chip Erase 


1010 1100 


lOOx xxxx 


xxxx xxxx 


xxxx xxxx 


Phin orace hnth SK A cn^hwtei 
^ — - 1 i i jj CTdOB uuui or\ oi o i^uyic 

memory arrays 


Read Program Memory 


0010 R000 


xxxx aaaa 


bbbb bbbb 


oooo oooo 


Read H(high or low) data o from 
Program memory at word address 
a:b 


Write Program Memory 


0100 B000 


xxxx aaaa 


bbbb bbbb 


iiii iiii 


Write Hfhigh or low) data i to 
Program memory at word address 
a:b 


Read EEPROM Memory 


1010 0000 


XXXX XXX 


bbbb bbbb 


oooo oooo 


Read data o from EEPROM memory 
at address a:b 


Write EEPROM Memory 


1100 0000 


XXXX XXX 


bbbb bbbb 


iiii iiii 


Write data i to EEPROM memory at 
address a:b 


Write Lock Bits 


1010 1100 


lllx x21x 


xxxx xxxx 


xxxx xxxx 


Write lock bits. Set bits 1,2='0' to 
program lock bits. 


Read Device Code 


0011 0000 


XXXX XXXX 


xxxx xxbb 


oooo oooo 


Read Device Code o at address b 



b = address low bits 

H = - Low byte, 1 - High Byte 

= data out 

1 = data in 

x = don't care 

1 = lock bit 1 

2 = lock bit 2 



Programming Characteristics 



SERIAL DATA INPUT 
PB5(MOSI) 



SERIAL DATA OUTPUT 
PB6(MISO) 



SERIAL CLOCK INPUT 
PB7(SCK) 











1 




X lsb 





































Figure 65. Serial Downloading Waveforms 
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VCC 


PB6(MISO) 
PB5(MOSI) 
PB7(SCK) 




XTAL2 




XTAL1 


RST 


GND 



Figure 66. Serial Programming and Verify 



When writing serial data to the AT90S851 5, data is clocked on the rising edge of CLK. 

When reading data from the AT90S8515, data is clocked on the falling edge of CLK. See Figure 65 for an explanation. 

Absolute Maximum Ratings* 



Operating Temperature -40°C to +105°C 

Storage Temperature -65°C to +150°C 



Voltage on any Pin except RESET 

with respect to Ground -1 .OV to +7.0V 

Maximum Operating Voltage 6.6V 

I/O Pin Maximum Current 40.0 mA 

Maximum Current VCC and GND 140.0 mA 



•NOTICE: 



Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



DC Characteristics 

T A = -40°C to 85°C, V cc = 2.7V to 6.0V (unless otherwise noted) 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Units 




Input Low Voltage 




-0.5 




0.2 Vcc - 0.1 


V 


V IH 


Input High Voltage 


(Except XTAL1, RESET) 


0.2 Vqq + 0.9 




v cc U - D 


v 


V IH1 


Innut Hinh Vnltanp 


(XTAL1 RESET! 

^/Vlr^^P, 111 — ul — I 1 


7 V^ 




V^,^ + 05 
cc u 3 


v 


V 0L 


Output Low Voltage 
(Ports B.CD) 


'ol = 2® mA, V cc = 5V 
l 0L = 10 mA, V CC = 2.7V 






0.5 


V 


V H 


Output High Voltage 
(Ports B,C,D) 


l H , = 10 mA, V cc = 5V 
l HI = 5 mA, V cc = 2.7V 


4.5 






V 


'oh 


Output Source Current 
(Ports B,C,D) 


V CC = 5V 
v C c = 27V 






10 
5 


mA 


'ol 


Output Sink Current 
(Port B,C,D) 


v C c = 5V 
V CC = 2-7V 






20 
10 


mA 


RRST 


Reset Pulldown Resistor 




10 




50 


kn 


R l/0 


I/O Pin Piill-I In PcidiQtnr 
i/v_* nil run u^j ntsbisiui 




35 




1 20 


kQ 






Active Mode, 3V, 4MHz 




3.5 




mA 


fee 


Power Supply Current 


Idle Mode 3V, 4MHz 




1000 




uA 


'cc 


Power Down Mode(2) 


WDT enabled. 3V 




50 




uA 


WDT disabled, 3V 




<1 




uA 


V ACIO 


Analog Comparator Input 
Offset Voltage 


V CC = 5V 






20 


mV 


'aclk 


Analog Comparator Input 
Leakage Current 




1 


5 


10 


nA 


<acpd 


Analog Comparator 
Propagation Delay 


V CC = 2-7V 
V cc = 4.0V 




750 
500 




ns 



Notes: 



1. Under steady state (non-transient) conditions, l 0L must be externally limited as follows: 
Maximum l 0L per port pin: 10 mA 

Maximum total l OL for all output pins: 80 mA 
Port A: 26 mA 
Ports A, B, D: 15 mA 

Maximum total l 0L for all output pins: 70 mA 

If l 0L exceeds the test condition, V 0L may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 

2. Minimum V cc for Power Down is 2V. 
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External Clock Drive Waveforms 




External Clock Drive 



Symbol 


Parameter 


V cc ■ 2.7V to 6.0V 
Mln Max 


V cc = 4.0V t 
Mln 


3 6.0V 
Max 


Units 


1/t CLCL 


Oscillator Frequency 


10 





20 


MHz 


<CLCL 


Clock Period 


100 


41.7 




ns 


<CHCX 


High Time 


40 


16.7 




ns 


•CLCX 


Low Time 


40 


16.7 




ns 


'CLCH 


Rise Time 


10 




4.15 


ns 


<CHCL 


Fall Time 


10 




4.15 


ns 
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Ordering Code 


Package 


Operation Range 


AT90S8515-JC 
AT90S8515-PC 


44J 
40P6 


Commercial 
(OCto 70 C) 








AT90S8515-JI 
AT90S8515-PI 


44J 
40P6 


Industrial 
(-40 C to 85 C) 













































Package Type 


44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


40P6 


40 Lead, 0.600" Wide, Plastic Dual in Line Package (PDIP) 
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AT90S8515 Register Summary 



Address 


Name 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


BitO 


Pa 

ge 






















$3F ($5F) 


SREG 


I 


T 


H 


S 


V 


N 


Z 


C 


5-23 


$3E (S5E) 


SPH 


SP15 


SP14 


SP13 


SP12 


SP11 


SP10 


SP9 


SP8 


5-24 


$3D ($5D) 


SPL 


SP7 


SP6 


SP5 


SP4 


SP3 


SP2 


SP1 


SPO 


5-24 


$3C ($5C) 


Reserved 






S3B ($5B) 


GIMSK 


INT1 


INTO 














5-29 


S3A ($5A) 


GIFR 


INTF1 


INTF0 














5-29 


$39 ($59) 


TIMSK 


TOIE1 


OCIE1A 


OCIE1B 




TICIE1 




TOIE0 




5-29 


$38 ($58) 


TIFR 


TOV1 


OCF1A 


OCF1B 




ICF1 




TOVO 




5-30 


$37 ($57) 


Reserved 






$36 ($56) 


Reserved 






$35 ($55) 


MCUCR 


SRE 


SRW 


SE 


SM 


ISC11 


ISC10 


ISC01 


ISCOO 


5-31 


$34 ($54) 


Reserved 






$33 ($53) 


TCCRO 


- 


- 


- 


- 


- 


CS02 


CS01 


csoo 


5-34 


$32 ($52) 


TCNTO 


Timer/CounterO (8 Bit) 


5-35 


$31 ($51) 


Reserved 






$30 ($50) 


Reserved 






$2F ($4F) 


TCCR1A 


COM1A1 


COM1A0 


COM1B1 


COM 1 BO 






PWM11 


PWM10 


5-37 


S2E.'S4E'. 


TCCR1B 


ICNC1 


ICES1 






CTC1 


CS12 


CS11 


CS10 


5-38 


$2D ($4D) 


TCNT1H 


Timer/Counterl - Counter Register High Byte 


5-39 


$2C ($4C) 


TCNT1L 


Timer/CounteM - Counter Register Low Byte 


5-39 


$2B ($4B) 


OCR 1 AH 


Timer/Counterl - Output Compare Register A High Byte 


5-40 


$2A ($4A) 


0CR1AL 


Timer/Counterl - Output Compare Register A Low Byte 


5-40 


$29 ($49) 


0CR1BH 


Timer/Counterl - Output Compare Register B High Byte 


5-40 


$28 ($48) 


0CR1BL 


Timer/Counterl - Output Compare Regis 


er B Low Byte 










5-40 


$27 ($47) 


Reserved 




















$26 ($46) 


Reserved 


















$25 ($45) 


ICR1H 


Timer/Counterl - Input Capture Register High Byte 










5-40 


$24 ($44) 


ICR1L 


Timer/Counterl - Input Capture Register Low Byte 


5-40 


$23 ($43) 


Reserved 






$22 ($42) 


Reserved 






$21 ($41) 


WDTCR 




- 


- 


WDTOE 


WDE 


WDP2 


WDP1 


WDPO 


5-43 


$20 ($40) 


Reserved 






$1F($3F) 


Reserved 






$1E ($3E) 


EEARL 


EEPROM Address Register 


5-44 


$1D ($3D) 


EEDR 


EEPROM Data Register 


5-44 


$1C ($3C) 


EECR 












EEMWE 


EEWE 


EERE 


5-45 


$1B ($3B) 


PORTA 


PORTA7 


PORTA6 


PORTA5 


PORTA4 


PORTA3 


PORTA2 


PORTA 1 


PORTAO 


5-59 


$1A ($3A) 


DORA 


DDA7 


DDA6 


DDA5 


DDA4 


DDA3 


DDA2 


DDA1 


DDAO 


5-59 


$19 ($39) 


PINA 


PI NAT 


PINA6 


PINA5 


PINA4 


PINA3 


PINA2 


PINA1 


PINAO 


5-59 


$18 ($38) 


PORTB 


PORTB7 


PORTB6 


PORTB5 


PORTB4 


PORTB3 


PORTB2 


PORTB1 


PORTBO 


5-61 


$17 ($37) 


DDRB 


DDB7 


DDB6 


DDB5 


DDB4 


DDB3 


DDB2 


DDB1 


DDBO 


5-61 


$16 ($36) 


PINB 


PINB7 


PINB6 


PINB5 


PINB4 


PINB3 


PINB2 


PINB1 


PINBO 


5-61 


$15 ($35) 


PORTC 


PORTC7 


PORTC6 


PORTC5 


PORTC4 


PORTC3 


PORTC2 


PORTC1 


PORTCO 


5-66 


$14 ($34) 


DDRC 


DDC7 


DDC6 


DDC5 


DDC4 


DDC3 


DDC2 


DDC1 


DDCO 


5-66 


$13 ($33) 


PINC 


PINC7 


PINC6 


PINC5 


PINC4 


PINC3 


PINC2 


PINC1 


PINCO 


5-66 


$12 ($32) 


PORTD 


PORTD7 


PORTD6 


PORTD5 


PORTD4 


PORTD3 


PORTD2 


PORTD1 


PORTDO 


5-68 


$11 ($31) 


DDRD 


DDD7 


DDD6 


DDD5 


DDD4 


DDD3 


DDD2 


DDD1 


DDDO 


5-68 


$10 ($30) 


PIND 


PIND7 


PIND6 


PIND5 


PIND4 


PIND3 


PIND2 


PIND1 


PINDO 


5-68 


$0F ($2F) 


SPDR 


SPI Data Register 


5-50 


$0E ($2E) 


SPSR 


SPIF 


WCOL 














5-49 


$0D ($2D) 


SPCR 


SPIE 


SPE 


DORD 


MSTR 


CPOL 


CPHA 


SPR1 


SPRO 


5-49 


$0C ($2C) 


UDR 


UART I/O Data Register 


5-53 


$0B ($2B) 


USR 


RXC 


TXC 


UDRE 


FE 


OR 








5-53 


$0A ($2A) 


UCR 


RXCIE 


TXCIE 


UDRIE 


RXEN 


TXEN 


CHR9 


RXB8 


TXB8 


5-54 


$09 ($29) 


UBRR 


UART Baud Rate Register 


5-55 


$08 ($28) 


ACSR 


ACD 


- 


ACO 


ACI 


ACIE 


ACIC 


ACIS1 


ACISO 


5-57 




Reserved 






$00 ($20) 


Reserved 
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Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clocks 


ARITHMETIC AND LOGIC INSTRUCTIONS 


ADD 


Rd, Rr 


Add two Reqisters 


Rd <- Rd + Rr 


Z.C.N.V.H 


1 


ADC 


Rd, Rr 


Add with Carry two Registers 


Rd <- Rd + Rr + C 


Z.CN.V.H 


1 


ADIW 


Rdl.K 


Add Immediate to Word 


Rdh:Rdl «- Rdh:Rdl + K 


Z,C,N,V,S 




SUB 


Rd, Rr 


Subtract two Registers 


Rd <- Rd - Rr 


Z,C,N,V,H 


1 


SUBI 


Rd, K 


Subtract Constant from Register 


Rd <— Rd - K 


Z,C,N,V,H 


1 


SBC 


Rd, Rr 


Subtract with Carry two Registers 


Rd <- Rd - Rr - C 


Z,C,N,V,H 


i 


SBCI 


Rd. K 


Subtract with Carry Constant from Reg. 


Rd <- Rd - K - C 


Z.CN.V.H 


i 


SBIW 


Rdl.K 


Subtract Immediate from Word 


RdhtRdl (- RdhtRdl - K 


Z.C.N.V.S 




AND 


Rd, Rr 


Loqical AND Registers 


Rd <- Rd • Rr 


Z.N.V 




ANDI 


Rd, K 


Logical AND Reqister and Constant 


Rd <- Rd . K 


Z.N.V 




OR 


Rd. Rr 


Logical OR Registers 


Rd <- Rd v Rr 


Z.N.V 




ORI 


Rd, K 


Logical OR Register and Constant 


Rd <- Rd v K 


Z,N,V 




EOR 


Rd. Rr 


Exclusive OR Reqisters 


Rd <- Rd e Rr 


Z.N.V 




COM 


Rd 


One's Complement 


Rd <- $FF - Rd 


Z.C.N.V 




NEG 


Rd 


Two's Complement 


Rd <- $00 - Rd 


Z.C.N.V.H 




SBR 


Rd.K 


Set Bins, in Rea>s';-r 


Rd <— Rd v K 


Z.N.V 




CBR 


Rd.K 


Clear Bitts) in Register 


Rd <- Rd . ($FF - K) 


Z.N.V 




INC 


Rd 


Increment 


Rd <- Rd + 1 


Z.N.V 




DEC 


Rd 


Decrement 


Rd «- Rd- 1 


Z.N.V 




TST 


Rd 


Test for Zero or Minus 


Rd <- Rd . Rd 


Z.N.V 




CLR 


Rd 


Clear Reqister 


Rd <- Rd ffi Rd 


Z.N.V 




SER 


Rd 


Set Reqister 


Rd <- IFF 


None 




BRANCH INSTRUCTIONS 


RJMP 


k 


Relative Jump 


PC <- PC + k +1 


None 


2 


IJMP 




Indirect Jump to (Z) 


PC — z 


None 


2 


RCALL 


k 


Relative Subroutine Call 


PC <~ PC + k + 1 


None 


3 


ICALL 




Indirect Call to (Z) 


PCf-Z 


None 


3 


RET 




Subroutine Return 


PC <- STACK 


None 


4 


RETI 




Interrupt Return 


PC <- STACK 


I 


4 


CPSE 


Rd.Rr 


Compare, Skip if Equal 


if (Rd = Rr) PC t- PC + 2 or 3 


None 


1 /2 


CP 


Rd Rr 


Compare 


Rd - Rr 


Z, N.V.C.H 


1 


CPC 


Rd.Rr 


Compare with Carry 


Rd-Rr-C 


Z, N.V.C.H 


1 


CPI 


Rd,K 


Compare Reqister with Immediate 


Rd-K 


Z, N,V.C,H 


1 


SBRC 


Rr, b 


Skip it Bit in Register Cleared 


it (Rr(b)=0) PC <- PC + 2 or 3 


None 


1 12 


SBRS 


Rr, b 


Skip if Bit in Register is Set 


■ : (HnDfcl . PC ~- PC - 2 cr 3 


None 


1 ' 2 


SBIC 


P. b 


Skip if Bit in I/O Register Cleared 


if (P(b)=0) PC <- PC + 2 or 3 


None 


1 12 


SBIS 


P, b 


Skip if Bit in I/O Reqister is Set 


if (P(b)=1) PC <- PC + 2 or 3 


None 


1 12 


BRBS 


s. k 


Branch if Status Flaq Set 


if (SREG(s) = 1) then PC<-PC+k + 1 


None 


1 2 


BRBC 


s. k 


Branch if Status Flaq Cleared 


it (SREG(s) = 0) then PC«-PC+k + 1 


None 


1 L- 


BREQ 


k 


Branch if Equal 


if (Z= 1) then PC <- PC + k + 1 


None 


1 12 


BRNE 


k 


Branch if Not Equal 


if (Z = 0) then PC <- PC + k + 1 


None 


1 / 2 


BRCS 


k 


Branch if Carry Set 


if (C = 1)then PC<-PC + k+1 


None 


1 12 


BRCC 


k 


Branch if Carry Cleared 


if (C = 0) then PC <— PC + k + 1 


None 


1 12 


BRSH 


k 


Branch if Same or Hiqher 


if (C = 0) then PC <- PC + k + 1 


None 


1 12 


BRLO 


k 


Branch if Lower 


if (C = 1)then PC <- PC + k+ 1 


None 


1 12 


BRMI 


k 


Branch if Minus 


if (N = 1) then PC <- PC + k + 1 


None 


1 12 


BRPL 


k 


Branch if Plus 


if (N = 0) then PC <- PC + k + 1 


None 


1 12 


BRGE 


k 


Branch if Greater or Equal, Signed 


if (N 9 V= 0) then PC <- PC + k + 1 


None 


1 12 


BRLT 


k 


Branch if Less Than Zero, Siqned 


if (N © V= 1) then PC <- PC + k + 1 


None 


1 12 


BRHS 


k 


Branch if Hall Carry' Flaq Set 


if (H = 1) then PC <- PC + k + 1 


None 


1 12 


BRHC 


k 


Branch if Half Carry Flaq Cleared 


if (H = 0) then PC <- PC + k + 1 


None 


1 12 


BRTS 


k 


Branch if T Flaq Set 


if (T= 1) then PC «— PC + k + 1 


None 


1 12 


BRTC 


k 


Branch if T Flaq Cleared 


if (T = 0) then PC <- PC + k + 1 


None 


1/2 


BRVS 


k 


Branch if Overflow Flaq is Set 


if (V = 1)then PC«-PC + k+1 


None 


1/2 


BRVC 


k 


Branch if Overflow Flag is Cleared 


if (V m 0) then PC «- PC + k + 1 


None 


1 12 


BRIE 


k 


Branch if Interrupt Enabled 


if ( I = 1) then PC »- PC + k + 1 


None 


1 12 


BRID 


k 


Branch if Interrupt Disabled 


if ( I = 0) then PC <- PC + k + 1 


None 


1 12 
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Mnemonics 


Operands 


Description 


Operation 


Flags | SCIocks 


DATA TRANSFER INSTRUCTIONS 


MOV 


Rd. Rr 


Move Between Registers 


Rd >- Rr 


None 


1 


LDI 


Rd, K 


Load Immediate 


Rd - K 


None 


1 


LD 


Rd. X 


Load Indirect 


Rd <- (X) 


None 


2 


LD 


Rd, X+ 


Load Indirect and Post-lnc. 


Rd <- (X), X <- X + 1 


None 


2 


LD 


Rd. -X 


Load Indirect and Pre-Dec. 


X <-X - 1, Rd<- (X) 


None 


2 


LD 


Rd, Y 


Load Indirect 


Rd. IY, 


None 


2 


LD 


Rd, Y+ 


Load Indirect and Post-lnc. 


Rd<- (Y), Y<- Y+ 1 


None 


2 


LD 


Rd, -Y 


Load Indirect and Pre-Dec. 


Y. Y-1.Rd-iY: 


None 


2 


LDD 


Rd,Y+q 


Load Indirect with Displacement 


Rd <- (Y + q) 


None 


2 


LD 


Rd, Z 


Load Indirect 


Rd <- (Z) 


None 


2 


LD 


Rd,Z+ 


Load Indirect and Post-lnc. 


Rd <- (Z), Z <- Z+1 


None 


2 


LD 


Rd. -Z 


Load Indirect and Pre-Dec. 


Z<-Z-1,Rd^(Z) 


None 


2 


LDD 


Rd, Z+q 


Load Indirect with Displacement 


Rd <- (Z + q) 


None 


2 


LDS 


Rd. k 


Load Direct from SRAM 


Rd <-(k) 


None 


3 


ST 


X, Rr 


Store Indirect 


(X) <- Rr 


None 


2 


ST 


X+, Rr 


Store Indirect and Post-lnc. 


(X) <- Rr, X <- X + 1 


None 


2 


ST 


-X, Rr 


Store Indirect and Pre-Dec. 


X«-X-1,(X)<-Rr 


None 


2 


ST 


Y, Rr 


Store Indirect 


(Y)-Rr 


None 


2 


ST 


Y+, Rr 


Store Indirect and Post-lnc. 


(Y) <- Rr, Y <- Y + 1 


None 


2 


ST 


-Y, Rr 


Store Indirect and Pre-Dec. 


Y<~Y-1,(Y)<-Rr 


None 


2 


STD 


Y+q,Ri 


Store Indirect with Displacement 


IY + q) <- Rr 


None 


2 


ST 


Z, Rr 


Store Indirect 


(Z) «- Rr 


None 


2 


ST 


Z+. Rr 


Store Indirect and Post-lnc. 


(Z) «- Rr, Z <- Z + 1 


None 


2 


ST 


■Z, Rr 


Store Indirect and Pre-Dec. 


Z«-Z- 1. (Z) «- Rr 


None 


2 


STD 


Z+q,Rr 


Store Indirect with Displacement 


(Z + q) <- Rr 


None 


2 


STS 


k, Rr 


Store Direct to SRAM 


(k) <- Rr 


None 


3 


LPM 




Load Proqram Memory 


RO (Z) 


None 


3 


IN 


Rd. P 


In Port 


Rd^ P 


None 


1 


OUT 


P. Rr 


Out Port 


P «- Rr 


None 


1 


PUSH 


Rr 


Push Reqisteron Stack 


STACK <- Rr 


None 


2 


POP 


Rd 


Pop Reqisterfrom Stack 


Rd «- STACK 


None 


2 


BIT AND BIT-TEST INSTRUCTIONS 


SBI 


P.b 


Set Bit in I/O Reqister 


l/0(P,b) «- 1 


None 


2 


CBI 


P.b 


Clear Bit in I/O Reqister 


l/0(P,b) <- 


None 


2 


LSL 


Rd 


Logical Shift Left 


Rd(n+1) <- Rd(n), Rd(0) <~ 


Z.C.N.V 




LSR 


Rd 


Loqical Shift Right 


Rd Ri - Rdin-l Rdi 7 - 


Z.C.N.V 




ROL 


Rd 


Rotate Left Through Carry 


Rd(0)<-C,Rd(n+1)e- Rd(n).C^Rd(7) 


Z.C.N.V 




ROR 


Rd 


Rotate Right Through Carry 


Rd(7)^C,Rd(n)^- Rd(n+1).C<-Rd(0) 


Z.C.N.V 




ASR 


Rd 


Arithmetic Shift Riqht 


Rd(n) i- Rd(n+1), n=0. 6 


Z.C.N.V 




SWAP 


Rd 


Swap Nibbles 


Rd(3.,0)<-Rd(7..4),Rd(7..4)^Rd(3„0) 


None 




BSET 


s 


Flaq Set 


SREG(s) <- 1 


SREG(s) 




BCLR 


s 


Flag Clear 


SREG(s) «- 


SREG(s) 




BST 


Rr, b 


Bit Store from Register to T 


T <- Rr(b) 


T 




BLD 


Rd, b 


Bit load from T to Reqister 


Rd(b) <- T 


None 




SEC 




Set Carry 


C <- 1 


C 




CLC 




Clear Carry 


C»-0 


C 




SEN 




Set Negative Flaq 


N <- 1 


N 




CLN 




Clear Negative Flaq 


N «- 


N 




SEZ 




Set Zero Flag 


Z<-1 


Z 




CLZ 




Clear Zero Flaq 


Z. 


Z 




SEI 




Global Interrupt Enable 


l<-1 


I 




CLI 




Global Interrupt Disable 


I <-o 


I 




SES 




Set Siqned Test Flaq 


S<- 1 


S 




CLS 




Cleat Siqned Test Flaq 


S<-0 


s 




SEV 




Set Twos Complement Overflow. 


V<~ 1 


V 




CLV 




Clear Twos Complement Overflow 


V<-0 


V 




SET 




Set Tin SREG 


T<- 1 


T 




CLT 




Clear T in SREG 


T<-0 


T 




SEH 




Set Half Carry Flaq in SREG 


H«-1 


H 




CLH 




Clear Half Carry Flaq in SREG 


H<-0 


H 




NOP 




No Operation 




None 




SLEEP 




Sleep 


(see specific descr, for Sleep function) 


None 


3 


WDR 




Watchdog Reset 


(see specilic descr. for WDR/timer) 


None 


1 
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Instruction Set 



Instruction Set Nomenclature: 

Status Register (SREG): 
SREG: Status register 
C 
Z: 
N 
V 
S 
H 
T: 
I 



Carry flag in status register 
Zero flag in status register 
Negative flag in status register 
Twos complement overflow indicator 
N © V, For signed tests 
Half Carry flag in the status register 
Transfer bit used by BLD and BST instructions 
Global interrupt enable/disable flag 



Re gisters and operands: 

Rd: Destination (and source) register in the register file 
Rr: Source register in the register file 
R: Result after instruction is executed 
K: Constant literal or byte data (8 bit) 
k: Constant address data for program counter 
Bit in the register file or I/O register (3 bit) 
Bit in the status register (3 bit) 



X,Y,Z: Indirect address register (X=R27:R26, 

Y=R29:R28 andZ=R31:F 
P: I/O port address 
q: Displacement for direct addressing (6 bit) 

I/O Registers 

RAMPX, RAMPY, RAMPZ: Registers concatenated with 
the X, Y and Z registers enabling indirect addressing of the 
whole SRAM area on MCUs with more than 64K bytes 
SRAM. 

Stack: 

STACK:Stack for return address and pushed registers 



SP: 

Flags: 
<=>: 
0: 
1: 



Stack Pointer to STACK 



Flag affected by instruction 
Flag cleared by instruction 
Flag set by instruction 
Flag not affected by instruction 



Conditional Branch Summary 



Test 


Boolean 


Mnemonic 


Complementary 


Boolean 


Mnemonic 


Comment 


Rd > Rr 


Z.(N © V) = 


BRLT* 


Rd < Rr 


Z+(N © V) = 1 


BRGE* 


Signed 


Rd>Rr 


(N © V) = 


BRGE 


Rd< Rr 


(N © V) = 1 


BRLT 


Signed 


Rd = Rr 


Z = 1 


BREQ 




Rd* Rr 


Z = 


BRNE 


Signed 


Rd < Rr 


Z+(N © V) = 1 


BRGE* 


Rd> Rr 


Z.(N © V) = 


BRLT* 


Signed 


Rd<Rr 


(N © V) = 1 


BRLT 


Rd> Rr 


(N © V) = 


BRGE 


Signed 


Rd>Rr 


c + z = o 


BRLO* 


Rd<Rr 


C + Z= 1 


BRSH* 


Unsigned 


Rd>Rr 


c = o 


BRSH/BRCC 


Rd< Rr 


C = 1 


BRLO/BRCS 


Unsigned 


Rd = Rr 


Z = 1 


BREQ 


Rd*Rr 


Z = 


BRNE 


Unsigned 


Rd<Rr 


C + Z = 1 


BRSH* 


Rd> Rr 


c + z = o 


BRLO* 


Unsigned 


Rd<Rr 


C = 1 


BRLO/BRCS 


Rd>Rr 


c = o 


BRSH/BRCC 


Unsigned 


Carry 


C = 1 


BRCS 


No carry 


c = o 


BRCC 


Simple 


Negative 


N = 1 


BRMI 


Positive 


N = 


BRPL 


Simple 


Overflow 


V = 1 


BRVS 


No overflow 


v = o 


BRVC 


Simple 


Zero 


Z = 1 


BREQ 


Not zero 


z = o 


BRNE 


Simple 




: Interchange Rd and Rr in the operation before the test. i.e. CP Rd.Rr -> CP Rr.Rd 
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Complete Instruction Set Summary 



Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clock 
Note 


ARITHMETIC AND LOGIC INSTRUCTIONS 


ADD 


Rd, Rr 


Add without Carry 


Rd <- Rd + Rr 


Z,C,N,V,H 




ADC 


Rd, Rr 


Add with Carry 


Rd «- Rd + Rr + C 


Z,C,N,V,H 




ADIW 


Rd, K 


Add Immediate to Word 


Rd+1:Rd <- Rd+1:Rd + K 


Z,C,N,V 




SUB 


Rd, Rr 


Subtract without Carry 


Rd^Rd-Rr 


Z,C,N,V,H 




SUBI 


Rd, K 


Subtract Immediate 


Rd <- Rd - K 


Z,C,N,V,H 


j 


SBC 


Rd, Rr 


Subtract with Carry 


Rd<- Rd-Rr-C 


Z,C,N,V,H 




SBCI 


Rd. K 


Subtract Immediate with Carry 


Rd <- Rd - K - C 


Z,C,N,V,H 




SBIW 


Rd, K 


Subtract Immediate from Word 


Rd+1:Rd«-Rd+1:Rd-K 


Z.C.N.V 




AND 


Rd, Rr 


Logical AND 


Rd <- Rd . Rr 


Z,N,V 




ANDI 


Rd, K 


Logical AND with Immediate 


Rd <- Rd . K 


Z,N,V 


1 , 


OR 


Rd, Rr 


Logical OR 


Rd «- Rd v Rr 


Z,N,V 


' , 


ORI 


Rd, K 


Logical OR with Immediate 


Rd <- Rd v K 


Z,N,V 


' , 


EOR 


Rd, Rr 


Exclusive OR 


Rd <— Rd © Rr 


Z,N,V 


1 




RH 


f~^\ ^nV Primnlomont 


RH i— <tFF RH 
nu * $rr - nu 


7 P M \/ 




NEG 


Rd 


"T\A/n'c rfimnlomont 
IWUo ouit ipmn itfr 11 


RH t— ^riCi - RH 


Z C N V H 




SBR 


Rd,K 


Set Bit(s) in Register 


Rd <— Rd V K 


Z,N,V 




CBR 


Rd,K 


Clear Bit(s) in Register 


Rd «- Rd . ($FFh - K) 


Z,N,V 




INC 


Rd 


Increment 


Rd <- Rd + 1 


Z,N,V 




DEC 


Rd 


Decrement 


Rd «- Rd - 1 


Z,N,V 




TST 


Rd 


Test for Zero or Minus 


Rd <- Rd. Rd 


Z.N.V 




CLR 


Rd 


Clear Register 


Rd <- Rd © Rd 


Z,N,V 




SER 


Rd 


Set Register 


Rd <— $FF 


None 




CP 


Rd.Rr 


Compare 


Rd - Rr 


Z,C,N,V,H, 




CPC 


Rd.Rr 


Compare with Carry 


Rd-Rr-C 


Z,C,N,V,H 




CPI 


Rd,K 


Compare with Immediate 


Rd-K 


Z,C,N,V,H 





, ) Not available in base-line microcontrollers 

(continued) 
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Complete Instruction Set Summary (continued) 



Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clock 
Note 


BRANCH INSTRUCTIONS 




RJMP 


k 


Relative Jump 


PC <— PC + k + 1 


None 


2 


IJMP 




Indirect Jump to (Z) 


PC<-Z 


None 


2 


JMP 


k 


Jump 


PC<-k 


None 


3 


RCALL 


k 


Relative Call Subroutine 


PC <— PC + k + 1 


None 


3 


ICALL 




Indirect Call to (Z) 


PC^Z 


None 


3 


CALL 


k 


Call Subroutine 


PC^k 


None 


4 


RET 




Subroutine Return 


PC <- STACK 


None 


4 


RETI 




Interrupt Return 


PC <- STACK 


I 


4 


CPSE 


Rd.Rr 


Compare, Skip if Equal 


if (Rd = Rr) PC <— PC + 2 or 3 


None 


1/2/3 


SBRC 


Rr, b 


Skip if Bit in Register Cleared 


if (Rr(b)=0) PC «— PC + 2 or 3 


None 


1/2/3 


SBRS 


Rr, b 


Skip if Bit in Register Set 


if (Rr(b)=1 ) PC <- PC + 2 or 3 


None 


1/2/3 


SBIC 


P, b 


Skip if Bit in I/O Register Cleared 


if(l/O(P,b)=0) PC <- PC + 2 or 3 


None 


1/2/3 


SBIS 


P, b 


Skip if Bit in I/O Register Set 


lf(l/0(P,b)=1) PC<- PC + 2 or 3 


None 


1/2/3 


BRBS 


s, k 


Branch if Status Flag Set 


if (SREG(s) = 1) then PC<-PC+k + 1 


None 


1/2 


BRBC 


s, k 


Branch if Status Flag Cleared 


if (SREG(s) = 0) then PC<-PC+k + 1 


None 


1/2 


BREQ 


k 


Branch if Equal 


if (Z = 1) then PC <- PC + k + 1 


None 


1/2 


BRNE 


k 


Branch if Not Equal 


if (Z = 0) then PC <- PC + k + 1 


None 


1 12 


BRCS 


k 


Branch if Carry Set 


if (C = 1)then PC«-PC + k + 1 


None 


1 12 


BRCC 


k 


Branch if Carry Cleared 


if (C = 0) then PC <— PC + k + 1 


None 


1 12 


BRSH 


k 


Branch if Same or Higher 


if (C = 0) then PC <- PC + k + 1 


None 


1 12 


BRLO 


k 


Branch if Lower 


if (C = 1)then PC<-PC + k + 1 


None 


1/2 


BRMI 


k 




Branch if Minus 


if (N = 1)then PC<-PC + k + 1 


None 


1/2 


BRPL 


k 


Branch if Plus 


if (N = 0) then PC <— PC + k + 1 


None 


1 12 


BRGE 


k 


Branch if Greater or Equal, Signed 


if (N © V= 0) then PC «- PC+ k + 1 


None 


1 12 


BRLT 


k 


Branch if Less Than, Signed 


if (N © V= 1) then PC <— PC + k + 1 


None 


1 12 


BRHS 


k 


Branch if Half Carry Flag Set 


if (H = 1)then PC<-PC + k + 1 


None 


1/2 


BRHC 


k 


Branch if Half Carry Flag Cleared 


if (H = 0) then PC <- PC + k + 1 


None 


1/2 


BRTS 


k 


Branch if T Flag Set 


if (T=1)then PC<-PC + k + 1 


None 


1/2 


BRTC 


k 


Branch if T Flag Cleared 


if (T = 0) then PC <- PC + k + 1 


None 


1/2 


BRVS 


k 


Branch if Overflow Flag is Set 


if (V = 1)then PC<-PC + k + 1 


None 


1/2 


BRVC 


k 


Branch if Overflow Flag is Cleared 


if (V = 0) then PC <- PC + k + 1 


None 


1/2 


BRIE 


k 


Branch if Interrupt Enabled 


if ( I = 1) then PC<-PC + k + 1 


None 


1/2 


BRID 


k 


Branch if Interrupt Disabled 


if ( I = 0) then PC <- PC + k + 1 


None 


1/2 










(continued) 



iilmEL 



Complete Instruction Set Summary (continued) 



Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clock 
Note 


DATA TRANSFER INSTRUCTIONS 


MOV 


Rd, Rr 


Copy Register 


Rd<- Rr 


None 


1 


LDI 


Rd, K 


Load Immediate 


Rd <-K 


None 


1 


LDS 


Rd, k 


Load Direct from SRAM 


Rd <- (k) 


None 


3 


LD 


Rd, X 


Load Indirect 


Rd <- (X) 


None 


2 


LD 


Rd, X+ 


Load Indirect and Post-Increment 


Rd <— (X), X X + 1 


None 


2 


LD 


Rd -X 


1 riflH InHirprt and Prp-Hprrpmpnt 

LUC3U II IUII C^i ul r IC UCvl CI 1 Id 11 


X <— X - 1 Rd <— i'X> 


None 


2 


LD 


Rd Y 


1 AaH InHirppt 
LUdU II IUIIcH 


Rd <— (Y) 


Tio^i 


2 


I n 

LU 


Rd Y+ 


1 r\aH InHirespt anH Prvct. Inrcomont 


RH 4— (V\ Y <— V 4- 1 




2 


i n 

LU 


RH V 
nu, t 


Load Indirect and Pre-Decrement 


V 4 V 1 RH 4 (V\ 


None 


E 


LUU 


RH Vxn 

rtu, t +q 


Ludu iriuircci wiui ui&pidoeriieru 


RH 4 (V .I. n\ 

nU r \ T + qj 


None 


9 


LU 


RH 7 
nu, l. 


Load Indirect 


nu < — [£.) 


None 


o 


i n 

LU 


RH 7_i_ 
nu. Z.+ 


Load Indirect and Post-Increment 


DH z I7\ 7 a 7 , 1 


None 


o 


LU 


RH 7 


Load Indirect and Pre-Decrement 


-7 s 7 1 rh , /7i 

/. < — £- " 1 , nU K — \4L.) 


None 


n 


i nn 

LUU 


RH 7_i_n 
rtu, *-+q 


Load Indirect with Displacement 


nu < — \L. + 


None 


o 
B 


STS 


k Rr 


oiuic uncut lu onrtivi 


nu t \t\) 


None 


O 


ST 


X Rr 


QtArD 1 n Hi ro/~*t 


(¥\ 4— Rr 




C 


o I 


X+ Rr 


O f/^. res 1 n Hi ropt anH P Act 1 npr^ rrt^At 


(Y\ * Rr Y 4 Y j. 1 

\t\) x nr, a < a + i 


None 


9 


ST 


-X Rr 


^tnrp InHirppt anrl Prp-Dpfrpmpnt 
oiuic iiiuiieui cti iu r i c ue^i ci nei ii 


Y 4— Y - 1 <Y\ 4— Rr 

A ^ A I , ^A^ r ni 





2 


ST 


Y Rr 


^tnrp InHirppt 
oiuic iiiuiieoi 


/y\ 4^ R r 




2 


ST 


Y+, Rr 


Stnrp InHirppt snH Po^t-lnprpmpnt 

wiui w iiiuiiw^L diiu ruoi II IUI CI 1 ICI H 


/VI <— Rr Y <— Y -t- 1 
^ i ^ t ni , i t i t i 


~No7i 


2 


ST 


-Y, Rr 


Store Indirect and Pre-Decrement 


Y <- Y - 1 , (Y) <- Rr 


None 


2 


STD 


Y+q,Rr 


Store Indirect with Displacement 


(Y + q)<- Rr 


None 


2 


ST 


Z, Rr 


Store Indirect 


(Z) «- Rr 


None 


2 


ST 


Z+, Rr 


Store Indirect and Post-Increment 


(Z) <- Rr, Z <- Z + 1 


None 


2 


ST 


-Z, Rr 


Store Indirect and Pre-Decrement 


Z<-Z-1,(Z)«-Rr 


None 


2 


STD 


Z+q,Rr 


Store Indirect with Displacement 


(Z + q) <- Rr 


None 


2 


LPM 




Load Program Memory 


RO <TT (Z) 


None 


3 


IN 


Rd, P 


In Port 


Rd«- P 


None 


1 


OUT 


P, Rr 


Out Port 


P«-Rr 


None 


1 


PUSH 


Rr 


Push Register on Stack 


STACK <- Rr 


None 


2 


POP 


Rd 


Pop Register from Stack 


Rd <- STACK 


None 


2 



(continued) 



6-4 Instruction Set 



Instruction Set 



Complete Instruction Set Summary (continued) 



Mnemonics 


Operands 


Description 


Operation 


Flags 


#Clock 
Note 


BIT AND BIT-TEST INSTRUCTIONS 






LSL 


Rd 


Logical Shift Left 


Rd(n+1)<-Rd(n),Rd(0)<-0,C<-Rd(7 


Z,C,N,V,H 




LSR 


Rd 


Logical Shift Right 


Rd(n)<-Rd(n+1 ),Rd(7)<-0,C<-Rd(0 


Z,C,N,V 




ROL 


Rd 


Rotate Left Through Carry 


Rd(0)<-C,Rd(n+1)«-Rd(n),C«-Rd(7 


Z,C,N,V,H 


1 


ROR 


Rd 


Rotate Right Through Carry 


Rd(7)<— C,Rd(n)<— Rd(n+1),C<— Rd(0 


Z,C,N,V 


1 


ASR 


Rd 


Arithmetic Shift Right 


Rd(n) <- Rd(n+1), n=0..6 


Z,C,N,V 


1 


SWAP 


Rd 


Swap Nibbles 


Rd(3..0) <-» Rd(7..4) 


None 


1 


BSET 


s 


Flag Set 


SREGfs) <— 1 


SREG(s) 


~ A 


BCLR 


s 


Flag Clear 


SREG(s) <— 


SREG(s) 





SBI 


P, b 


Set Bit in I/O Register 


1/OiP hi «— 1 


None 


2 


CBI 


P. b 


Clear Bit in I/O Register 


\/Cl(P h\ 4— Cl 


None 


2 


BST 


Rr, b 


Bit Store from Register to T 


T <— Rr(b) 


T 




BLD 


Rd, b 


Bit load from T to Register 


RH/hl t— T 
nu^u^ t i 


None 





SEC 




Spt Carrv 

wci ^ui i y 


o * — 1 


c 





CLC 




Clear Carry 


c < 


c 





SEN 




Set Negative Flag 


N <— 1 


N 





CLN 




Clear Negative Flag 


M - ft 


N 





SEZ 




Set Zero Flag 


Z <— 1 


z 





CLZ 




Clear Zero Flag 


Z <— 


z 





SEI 




Global Interrupt Enable 


I <— 1 


I 





CLI 




Global Interrupt Disable 


I <— 


I 


j 


SES 




Set Signed Test Flag 


S <— 1 


S 


1 


CLS 




Clear Signed Test Flag 


S «— 


s 




SEV 




Set Two's Complement Overflow 




V «— 1 


V 




CLV 




Clear Two's Complement Overflow 


V<-0 


V 




SET 




Set T in SREG 


T«-1 


J 




CLT 




Clear T in SREG 


T<-0 


T 




SEH 




Set Half Carry Flag in SREG 


H<-1 


H 




CLH 




Clear Half Carry Flag in SREG 


H<-0 


H 




NOP 




No Operation 




None 




SLEEP 




Sleep 


(see specific descr. for Sleep) 


None 




WDR 




Watchdog Reset 


(see specific descr. for WDR) 


None 





ADC - Add with Carry 



Description: 

Adds two registers and the contents of the C flag and places the result in the destination register Rd. 

Operation: 

(i) Rd^Rd + Rr+C 



(i) 



Syntax: 
ADC Rd.Rr 

16 bit Opcode: 



Operands: 

0<d<31, 0<r<31 



0001 


llrd 


dddd 


rrrr 



Status Register (SREG) Boolean Formulae: 



Program Counter: 

PC <- PC + 1 



I 


T 


H 


S 


V 


N 


Z 


c 






o 


<=> 


<=> 


<=> 


<=> 





H: Rd3.Rr3+Rr3+R3+R3.Rd3 

Set if there was a carry from bit 3; cl 

S: N © V, For signed tests. 

V: Rd7.Rr7.R7+Fra7.R77.R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 



Z: R37. RT7. R77 • R7 • R7 .R37 

Set if the result is $00; cleared otherwise. 

C: Rd7.Rr7+Rr7.R7+R7.Rd7 

Set if there was carry from the MSB of the result; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



add r2,r0 
adc r3 , rl 



Add Rl : RO to R3 : R2 

Add low byte 

Add with carry high byte 



Words: 1 (2 bytes) 
Cycles: 1 



6-6 



Instruction Set i 



Instruction Set 



ADD - Add without Carry 



Description: 

Adds two registers without the C flag and places the result in the destination register Rd. 

Operation: 
(i) Rd <- Rd + Rr 



Syntax: 

(i) ADD Rd.Rr 



Operands: 

0<d<31,0<r<31 



Program Counter: 

PC <- PC + 1 



16 bit Opcode: 



0000 


llrd 


dddd 


rrrr 



Status 



n Formulae: 



I 


T H 


S 


V 


N 


Z 


c 




<=> 


«=> 




<=> 


<=> 





H: Rd3.Rr3+Rr3+R3+R3.Rd3 

Set if there was a carry from bit 3; cleared otherwise 

S: N © V, For signed tests. 

V: Rd7.Rr7.R7+Ra7.Rr7.R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 




Z: R7. R5 .R5. Ff? »H3 «R2 •RT •RD 

Set if the result is $00; cleared otherwise. 



C: Rd7 «Rr7 +Rr7 «R7+ RT .Rd7 

Set if there was carry from the MSB of the result; cleared otherwise. 

R (Result) equals Rd after the operation. 



Example: 

add rl,r2 ; Add r2 to rl (rl=rl+r2) 

add r28,r28 ; Add r28 to itself (r28 = r28+r28) 



Words: 1 (2 bytes) 
Cycles: 1 



ADIW - Add Immediate to Word 



Description: 

Adds an immediate value (0-63) to a register pair and places the result in the register pair. This instruction operates on the 
upper four register pairs, and is well suited for operations on the pointer registers. 

Operation: 

(i) Rdh:Rdl «~ Rdh.Rdl + K 



Syntax: 
(i) ADIW Rdl.K 

16 bit Opcode: 



Operands: Program Counter: 

die {24,26,28,30}, 0<K<63 PC <- PC + 1 



1001 


0110 


KKdd 


KKKK 



Status Register (SREG) and Boolean Formulae: 
I T H S V N 



Z 



S: 
V: 



N © V, For signed tests. 



Rdh7 R15 

Set if two's complement overflow resulted from the operation; cleared otherwise. 
R15 

Set if MSB of the result is set; cleared otherwise. 



Z: RT5 »PTR •RT3~ •RT2" .FTTT •RTO .RS »R8~ .R7« HS» H5. P3. R3» HS •RT« FTO 

Set if the result is $0000; cleared otherwise. 

C: FfT5 . Rdh7 

Set if there was carry from the MSB of the result; cleared otherwise. 

R (Result) equals Rdh:Rdl after the operation (Rdh7-Rdh0 = R15-R8, Rdl7-Rdl0=R7-R0). 

Example: 

adlw r24,l ; Add 1 to r25:r24 

adiw r30,63 ; Add 63 to the Z pointer (r31 : r3 ) 



Words: 1 (2 bytes) 
Cycles: 2 



e-s Instruction Set 



Instruction Set 



AND - Logical AND 



Description: 

Performs the logical AND between the contents of register Rd and register Rr and places the result in the destination regis- 
ter Rd. 



Operation: 
(i) Rd «- Rd • F 

Syntax: 

(i) AND Rd.Rr 



Operands: 

0<d<31, 0<r<31 



Program Counter: 

PC «- PC + 1 



16 bit Opcode: 



0010 


OOrd 


dddd 


rrrr 



Status Register 



Formulae: 



I 


T 


H 


S 


V 


N 


z 


c 








<=> 





<=> 








S: N®V, For signed tests. 

V: 

Cleared 



N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: FT7 «Ff5 .R5 .F3 .R3. R2 «RT »FtO~ 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 



Example: 

and r2,r3 

ldi rl6,l 

and r2,rl6 



Bitwise and r2 and r3 , result in r2 
Set bitmask 0000 0001 in rl6 
Isolate bit in r2 



Words: 1 (2 bytes) 
Cycles: 1 



6-9 



ANDI - Logical AND with Immediate 



Description: 

Performs the logical AND between the contents of register Rd and a constant and places the result in the destination regis- 
ter Rd. 



(i) 
(i) 



Operation: 
Rd <- Rd • K 

Syntax: 
ANDI Rd,K 



Operands: 

16<d<31,0<K<255 



Program Counter: 

PC^ PC + 1 



16 bit Opcode: 



0111 


KKKK 


dddd 


KKKK 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


z 


c 








«=> 





<=> 







S: N ffi V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 «RB. R5.R? .R3. R2« RT. RU 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 



Example: 

andi rl7 , SOF 
andi rl8,$10 
andi r!9.$AA 



Clear upper nibble of rl7 
Isolate bit 4 in rl8 
Clear odd bits of rl9 



Words: 1 (2 bytes) 
Cycles: 1 



6-io Instruction Set 



Instruction Set 



ASR - Arithmetic Shift Right 



Description: 

Shifts all bits in Rd one place to the right. Bit 7 is held constant. Bit is loaded into the C flag of the SREG. This operation 
effectively divides a twos complement value by two without changing its sign. The carry flag can be used to round the 



result. 



(i) 



Operation: 



b7--- 



Syntax: 



[bo]_^[c] 

Operands: 



(i) ASR Rd 


0<d<31 




16 bit Opcode: 






1001 


OlOd 


dddd 


0101 



Program Counter: 

PC «- PC + 1 



Status Register (SREG) and Boolean Formulae: 



1 


T 


H 


S 


V 


N 


Z 


C 








<=> 


<=> 


<=> 


o 


<=> 



N ffi V, For signed tests. 



N ffi C (For N and C after the shift) 

Set if (N is set and C is clear) or (N is clear and C is set); Cleared otherwise (for values of N and C after the shift). 



Z: 



C: 



R7 

Set if MSB of the result is set; cleared otherwise. 

R7 .RB »R5. m »m .F52. HT. HO 

Set if the result is $00; cleared otherwise. 



RdO 



Set if, before the shift, the LSB of Rd was set; cleared otherwise. 
R (Result) equals Rd after the operation. 



Example: 

ldi rl6,S10 

asr rl6 

ldi rl7,$FC 

asr r!7 



; Load decimal 16 into rl6 

i rl6=rl6 / 2 

; Load -4 in rl7 

; rl7=rl7/2 



Words: 1 (2 bytes) 
Cycles: 1 



BCLR - Bit Clear in SREG 



Description: 

Clears a single flag In SREG. 



(i) 
(i) 



Operation: 

SREG(s) «- 

Syntax: 
BCLR s 



Operands: 

0<s<7 



Program Counter: 

PC <- PC + 1 



16 bit Opcode: 












1001 


0100 


lsss 


1000 









Status Register (SREG) and Boolean Formulae: 
I T H S V N 



bclr 
bclr 7 

Words: 1 (2 bytes) 
Cycles: 1 



Clear carry flag 
Disable interrupts 



I: if s = 7; Unchanged otherwise. 








T: if s = 6; Unchanged otherwise. 








H: if s = 5; Unchanged otherwise. 








S: if s = 4; Unchanged otherwise. 








V: if s = 3; Unchanged otherwise. 








N: if s = 2; Unchanged otherwise. 








Z: if s = 1 ; Unchanged otherwise. 








C: if s = 0; Unchanged otherwise. 








Example: 









612 Instruction Set 



■^H^BMHHHW^^HHBH^^^BM^^^H^HB InStrUCtiOII Set 

BLD - Bit Load from the T Flag in SREG to a Bit in Register. 



Description: 

Copies the T flag in the SREG (status register) to bit b in register Rd. 

Operation: 

(i) Rd(b)^T 

Syntax: Operands: Program Counter: 

(i) BLDRd.b 0<d<31,0<b<7 PC^PC + 1 

16 bit Opcode: 



1111 


lOOd 


dddd 


Obbb 



Status Register (SREG) and Boolean Formulae: 



H 



N 



Example: 



bst rl,2 
bid r0,4 



Copy bit 

Store bit 2 of rl in T flag 
Load T flag into bit 4 of rO 



c 



Words: 1 (2 bytes) 
Cycles: 1 



BRBC - Branch if Bit in SREG is Cleared 



Description: 

Conditional relative branch. Tests a single bit in SREG and branches relatively to PC if the bit is cleared. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is 
represented in two's complement form. 

Operation: 

(i) If SREG(s) = then PC <- PC + k + 1 , else PC <- PC + 1 

Syntax: Operands: Program Counter: 

(i) BRBC s,k < s < 7, -64 < k < +63 PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



16 bit Opcode: 



1111 


Olkk 


kkkk 


ksss 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 



1 1 

Example: 

cpi r20,5 ; Compare r20 to the value 5 

brbc l.noteq ; Branch if zero flag cleared 

noteqmop ; Branch destination (do nothing) 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



6-14 Instruction Set 



Instruction Set 



BRBS - Branch if Bit in SREG is Set 



Description: 

Conditional relative branch. Tests a single bit in SREG and branches relatively to PC if the bit is set. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. 



Operation: 

(i) If SREG(s) m 1 then PC <- PC + k + 1 , else PC <- PC + 1 



Syntax: 
(i) BRBS s,k 



Operands: 

< s < 7, -64 < k 



Program Counter: 

PC^-PC + k+1 

PC <- PC + 1 , if condition is false 



16 bit Opcode: 



1111 


OOkk 




ksss 


Status Register (J 


iREG)and 


Boolean Formulae: 


I T 


H 


s 


V 



c 



■ 



Example: 



bst r0,3 j Load T bit with bit 3 of rO 

brbs 6,bitset ; Branch T bit was set 



bitset : nop 



Branch destination (do nothing) 




Words: 1 
Cycles: 1 if condition is false 
2 if condition is true 



BRCC - Branch if Carry Cleared 



Description: 

Conditional relative branch. Tests the Carry flag (C) and branches relatively to PC if C is cleared. This instruction branches 
relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBC 0,k). 

Operation: 

(i) If C = then PC <- PC + k + 1 , else PC <— PC + 1 



Syntax: 
(i) BRCC k 



Operands: 

-64 < k < +63 



Program Counter: 

PC <- PC + k + 1 

PC «- PC + 1 , if condition is false 



16 bit Opcode: 



1111 


Olkk 


kkkk 


kOOO 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

addr22.r23 ; Add r2 3 to r22 
brccnocarry ; Branch if carry cleared 

nocarry: nop ; Branch destination (do nothing) 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 
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Instruction Set 



BRCS - Branch if Carry Set 



Description: 

Conditional relative branch. Tests the Carry flag (C) and branches relatively to PC if C is set. This instruction branches rel- 
atively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBS 0,k). 



Operation: 

(i) If C = 1 then PC <- PC + k + 1 , else PC <- PC + 1 



Syntax: 

(i) BRCS k 



-64 < k < +63 



16 bit Opcode: 



1111 


OOkk 


kkkk 


kOOO 



Program Counter: 

PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



cpi r26,$56 ; Compare r26 with $56 
brcs carry ; Branch if carry set 



carry: nop 



i Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



BREQ - Branch if Equal 



Description: 

Conditional relative branch. Tests the Zero flag (Z) and branches relatively to PC if Z is set. If the instruction is executed 
immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the unsigned or signed 
binary number represented in Rd was equal to the unsigned or signed binary number represented in Rr. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBS 1,k). 

Operation: 

(i) If Rd = Rr (Z = 1) then PC <- PC + k + 1, else PC <- PC + 1 



Syntax: Operands: Program Counter: 

(i) BREQ k -64<k<+63 PC «- PC + k + 1 

PC «- PC + 1 , if condition is false 



16 bit Opcode: 



1111 


OOkk 


kkkk 


kOOl 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 



cprl,rO ; Compare registers rl and rO 
breqequal ; Branch if registers equal 



equal : nop 



Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 
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Instruction Set 



BRGE - Branch if Greater or Equal (Signed) 



Description: 

Conditional relative branch. Tests the Signed flag (S) and branches relatively to PC if S is cleared. If the instruction is exe- 
cuted immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the signed binary 
number represented in Rd was greater than or equal to the signed binary number represented in Rr. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBC 4,k). 

Operation: 

(i) If Rd > Rr (N ffi V = 0) then PC «- PC + k + 1 , else PC «- PC + 1 

Syntax: Operands: Program Counter: 

(i) BRGE k -64<k<+63 PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



16 bit Opcode: 



1111 



Olkk kkkk 



klOO 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

cprll,rl2 ; Compare registers rll and rl2 

brgegreateg ; Branch if rll >- rl2 (signed) 

greateg: nop ; Branch destination (do nothing) 




Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



BRHC - Branch if Half Carry Flag is Cleared 



Description: 

Conditional relative branch. Tests the Half Carry flag (H) and branches relatively to PC if H is cleared. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBC 5,k). 



(i) 



(i) 



Operation: 

If H = then PC <- PC + k + 1 , else PC <- PC + 1 



Syntax: 

BRHC k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 


Olkk 


kkkk 


klOl 



Program Counter: 

PC <— PC + k + 1 

PC <- PC + 1 , if condition is false 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



brhc hclear 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



Branch if half carry flag cleared 
Branch destination (do nothing) 



6-20 Instruction Set 



■mihih^kb^^hh Instruction Set 

BRHS - Branch if Half Carry Flag is Set 



Description: 

Conditional relative branch. Tests the Half Carry flag (H) and branches relatively to PC if H is set. This instruction branches 
relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBS 5,k). 



(i) 



(i) 



Operation: 

If H = 1 then PC <- PC + k + 1, else PC <- PC + 1 



Syntax: 
BRHS k 

16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 


OOkk 


kkkk 


klOl 



Program Counter: 

PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



Status Register (SREG) and Boolean Formulae: 
I T H S V N 



Example: 



hset: nop 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



Branch if half carry flag set 
Branch destination {do nothing) 




iflinEL 



BRID - Branch if Global Interrupt is Disabled 

Description: 

Conditional relative branch. Tests the Global Interrupt flag (I) and branches relatively to PC if I is cleared. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBC 7,k). 

Operation: 

(i) If I = then PC <- PC + k + 1 , else PC <- PC + 1 



(i) 



Syntax: 
BRID k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



Program Counter: 

PC<-PC + k+1 

PC <- PC + 1 , if condition is false 



nil 



Olkk 



kkkk 



kill 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 

Example: 

brid intdis ; Branch if interrupt disabled 
intdis: nop ; Branch destination (do nothing) 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



6-22 Instruction Set 



BRIE - Branch if Global Interrupt is Enabled 



Description: 

Conditional relative branch. Tests the Global Interrupt flag (I) and branches relatively to PC if I is set. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBS 7,k). 

■ 



Operation: 

(i) If 1 = 1 thenPC«-PC + k+1,elsePC<-PC + 1 



Syntax: 
(i) BRIEk 



Operands: 

-64 < k < +63 



Program Counter: 

PC <- PC + k + 1 
PC <- PC + 1 , if con 



16 bit Opcode: 



1111 


OOkk 


kkkk 


kill 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 




















Example: 



brieinten 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



Branch if interrupt enabled 
Branch destination (do nothing) 




AMEl 



6-23 



BRLO - Branch if Lower (Unsigned) 



Description: 

Conditional relative branch. Tests the Carry flag (C) and branches relatively to PC if C is set. If the instruction is executed 
immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the unsigned binary 
number represented in Rd was smaller than the unsigned binary number represented in Rr. This instruction branches rela- 
tively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBS 0,k). 



(i) 
(i) 



Operation: 

If Rd<Rr(C = 1)then PC • 



PC + k + 1 , else PC <- PC + 1 



Syntax: 
BRLO k 



Operands: 

-64 < k < + 



Program Counter: 

PC<-PC + k+1 

PC «- PC + 1, if condition is false 



16 bit Opcode: 



1111 



OOkk 



kkkk | kOOO 



Status Register (SREG) and Boolean Formulae: 



H 



Example: 

eor rl9,rl9 
loop: inc rl9 

cpi rl9,$10 
brio loop 
nop 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



Clear rl9 
Increase rl9 

Compare rl9 with $10 

Branch If rl9 < $10 (unsigned) 

Exit from loop (do nothing) 



6-24 Instruction Set 



Instruction Set 



BRLT - Branch if Less Than (Signed) 



Description: 

Conditional relative branch. Tests the Signed flag (S) and branches relatively to PC if S is set. If the instruction is executed 
immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the signed binary num- 
ber represented in Rd was less than the signed binary number represented in Rr. This instruction branches relatively to PC 
in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in two's comple- 
ment form. (Equivalent to instruction BRBS 4,k). 

Operation: 

(i) If Rd < Rr (N ffi V = 1) then PC <- PC + k + 1, else PC <- PC + 1 



Syntax: 
(i) BRLT k 



Operands: 

-64 < k < +63 



Program Counter: 

PC ^ PC + k + 1 

PC <- PC + 1 , if condition is false 



16 bit Opcode: 



1111 


OOkk 


kkkk 


klOO 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



cp rl6,rl 
brlt less 



; Compare rl6 to rl 

; Branch if rl6 < rl (signed) 




Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



; Branch destination (do nothing) 



iUfTIEL 

BRMI - Branch if Minus 



Description: 

Conditional relative branch. Tests the Negative flag (N) and branches relatively to PC if N is set. This instruction branches 
relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBS 2,k). 

Operation: 

(i) If N = 1 thenPC<-PC + k+1,elsePC<-PC + 1 



(i) 



Syntax: 
BRMI k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 


OOkk 


kkkk 


kOlO 



Program Counter: 

PC <- PC + k + 1 

PC 4- PC + 1 , if condition is false 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



subi 
brmi 



rl8,4 
negative 



negative : nop 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



; Subtract 4 from rl8 

i Branch if result negative 

; Branch destination (do nothing) 



6-26 Instruction Set 



Instruction Set 



BRNE - Branch if Not Equal 





Description: 

Conditional relative branch. Tests the Zero flag (Z) and branches relatively to PC if Z is cleared. If the instruction is exe- 
cuted immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the unsigned or 
signed binary number represented in Rd was not equal to the unsigned or signed binary number represented in Rr. This 
instruction branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC 
and is represented in two's complement form. (Equivalent to instruction BRBC 1,k). 

Operation: 

(i) If Rd * Rr (Z = 0) then PC <- PC + k + 1 , else PC <- PC + 1 



(i) 



Syntax: 
BRNE k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 


Olkk 


kkkk 


kOOl 



Program Counter: 

PC <- PC + k + 1 

PC «- PC + 1, if condition is false 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

loop: 



eor r27,r27 ; Clear r27 

inc r27 ; Increase r27 



cpi r27,5 ; Compare r27 to 5 

brne loop ; Branch if r27<>5 

nop ; Loop exit (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



BRPL - Branch if Plus 



Description: 

Conditional relative branch. Tests the Negative flag (N) and branches relatively to PC if N is cleared. This instruction 
branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is rep- 
resented in two's complement form. (Equivalent to instruction BRBC 2,k). 

Operation: 

(i) If N = then PC <- PC + k + 1 , else PC «- PC + 1 



(i) 



Syntax: 
BRPL k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 


Olkk 


kkkk 


kOlO 



Program Counter: 

PC<-PC + k+1 

PC <- PC + 1 , if condition i 



Status Register (SREG) and Boolean Formulae: 



H 



Example: 

subi r26,$50 ; Subtract $50 from r26 

brpl positive ; Branch if r26 positive 

positive: nop ; Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



6-28 Instruction Set 



BRSH - Branch if Same or Higher (Unsigned) 



Instruction Set 



Description: 

Conditional relative branch. Tests the Carry flag (C) and branches relatively to PC if C is cleared. If the instruction is exe- 
cuted immediately after execution of any of the instructions CP, CPI, SUB or SUBI the branch will occur if and only if the 
unsigned binary number represented in Rd was greater than or equal to the unsigned binary number represented in Rr. 
This instruction branches relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from 
PC and is represented in two's complement form. (Equivalent to instruction BRBC 0,k). 



(i) 



(i) 



Operation: 

If Rd >Rr (C = 0) then PC <- PC + k + 1 , else PC <- PC + 1 



Syntax: 
BRSH k 



Operands: 

-64 < k < +63 



Program Counter: 

PC «- PC + k + 1 

PC <- PC + 1, if condition is false 



16 bit Opcode: 



1111 



Olkk 



kkkk 



kOOO 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



subl rl9,4 j Subtract 4 from rl9 

brsh highsm ; Branch if rl9 >= i (unsigned) 



highsm: 



; Branch destination (do nothing) 



1 (2 bytes) 
Cycles: 1 if condition is false 

2 if condition is true 



6-29 



BRTC - Branch if the T Flag is Cleared 



Description: 

Conditional relative branch. Tests the T flag and branches relatively to PC if T is cleared. This instruction branches rela- 
tively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBC 6,k). 

Operation: 

(i) If T = then PC <- PC + k + 1 , else PC <- PC + 1 



Syntax: Operands: 
(i) BRTC k -64 < k < +63 

16 bit Opcode: 



1111 


Olkk 


kkkk 


kllO 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Program Counter: 

PC^PC + k+1 

PC <- PC + 1 , if condition is false 



Example: 

bst r3,5 
brtc tclear 

tclear: nop 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



; Store bit 5 of r3 in T flag 

; Branch if this bit was cleared 

; Branch destination (do nothing) 



6-30 Instruction Set 



BRTS - Branch if the T Flag is Set 



Description: 

Conditional relative branch. Tests the T flag and branches relatively to PC if T is set. This instruction branches relatively to 
PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in two's com- 
plement form. (Equivalent to instruction BRBS 6,k). 

Operation: 

(i) If T = 1 then PC <- PC + k + 1 , else PC <- PC + 1 



(i) 



Syntax: 
BRTS k 



16 bit Opcode: 



Operands: 

-64 < k < +63 



1111 [ OOkk I kkkk I kllQ 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



tset : 



bst r3 , 5 
brts tset 



Program Counter: 

PC «- PC + k + 1 

PC «- PC + 1 , if condition is false 



; Store bit 5 of r3 in T flag 
; Branch if this bit was set 

; Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 




amei 



6-31 



BRVC - Branch if Overflow Cleared 



Description: 

Conditional relative branch. Tests the Overflow flag (V) and branches relatively to PC if V is cleared. This instruction branch- 
es relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented 
in two's complement form. (Equivalent to instruction BRBC 3,k). 

Operation: 

(i) If V = then PC <- PC + k + 1, else PC <- PC + 1 



Syntax: Operands: 

(i) BRVC k -64 < k < +63 

16 bit Opcode: 



1111 ■ 


Olkk 


kkkk 


kOll 



Status Register (SREG) and Boolean Formulae: 



Program Counter: 

PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



H 



Example: 



add r3 , r4 
brvc noover 



Add r4 to r3 

Branch if no overflow 



noover: nop 



Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



6-32 Instruction Set 



Instruction Set 



BRVS - Branch if Overflow Set 



Description: 

Conditional relative branch. Tests the Overflow flag (V) and branches relatively to PC if V is set. This instruction branches 
relatively to PC in either direction (PC-64<destination<PC+63). The parameter k is the offset from PC and is represented in 
two's complement form. (Equivalent to instruction BRBS 3,k). 



Operation: 

(i) If V = 1 then PC <- PC + k + 1, else PC *- PC + 1 



Syntax: 
(i) BRVS k 



Operands: 

-64 < k < +63 



16 bit Opcode: 



1111 


OOkk 


kkkk 


kOll 



Program Counter: 

PC <- PC + k + 1 

PC <- PC + 1 , if condition is false 



Status Register (SREG) and Boolean Formulae 

I T H S V 



N 



Example: 



add r3,r4 ; Add r4 to r3 

brvs overfl ; Branch if overflow 



■ 



overfl: nop 

Words: 1 (2 bytes) 
Cycles: 1 if condition is false 
2 if condition is true 



; Branch destination (do nothing) 



BSET - Bit Set in SREG 



Description: 

Sets a single flag or bit in SREG. 

Operation: 

(i) SREG(s) <- 1 



Syntax: 
(i) BSET s 



Operands: 

0<s<7 



Program Counter: 

PC <- PC + 1 



16 bit Opcode: 



1001 



0100 



1000 



Status Register (SREG) and Boolean Formulae: 



I T 


H 


S 


V 


N 


Z 


c 


<=> <=> 


<=> 




<=> 


<=> 


<=> 





1: 


1 if s 


= 7; Unchanged otherwise. 


T: 


1 if s 


= 6; Unchanged otherwise. 


H: 


1 if s 


= 5; Unchanged otherwise. 


S: 


1 if s 


= 4; Unchanged otherwise. 


V: 


1 if s 


= 3; Unchanged otherwise. 


N: 


1 if s 


= 2; Unchanged otherwise. 


Z: 


1 if s 


= 1; Unchanged otherwise. 


C: 


1 if s 


= 0; Unchanged otherwise. 



Example: 



bset 
bset 



; Set T flag 

i Enable interrupt 



Words: 1 (2 bytes) 
Cycles: 1 



6 34 Instruction Set 



■—■^hmmm—m— — Instruction Set 

BST - Bit Store from Bit in Register to T Flag in SREG 



Description: 

Stores bit b from Rd to the T flag in SREG (status register). 

Operation: 

(i) T <- Rd(b) 

Syntax: Operands: Program Counter: 

(i) BSTRd.b 0<d<31,0<b<7 PC^-PC + 1 

16 bit Opcode: 



1111 



ipid | dddd | xbbir 



Status Register (SREG) and Boolean Formulae: 



H 



T: if bit b in Rd is cleared. Set to 1 otherwise. 
Example: 



bst 
bid 



rl,2 
rO, 4 



Copy bit 

Store bit 2 of rl in T flag 
Load T into bit 4 of rO 



Words: 1 (2 bytes) 
Cycles: 1 




CALL - Long Call to a Subroutine 



Description: 

Calls to a subroutine within the entire program memory. The return address (to the instruction after the CALL) will be stored 
onto the stack. (See also RCALL). 



0) 
(N) 



(i) 



Operation: 

PC«-k 
PC<-k 

Syntax: 
CALL k 



Devices with 16 bits PC, 128K bytes program memory maximum. 
Devices with 22 bits PC, 8M bytes program memory maximum. 



Operands: 

< k < 64K 



Program CountenStack 

PC «- kSTACK <- PC+2 
SP<-SP-2, (2 bytes, 16 bits) 



(ii) 



CALL k 



< k < 4M 



PC <- kSTACK <- PC+2 
SP <- SP-3 (3 bytes, 22 bits) 



32 bit Opcode: 



1001 


010k 


kkkk 


111k 


kkkk 


kkkk 


kkkk 


kkkk 



Status Register (SREG) and Boolean Formulae: 



Example: 



mov rl6,r0 
call check 
nop 



; Copy rO to rl6 

! Call subroutine 

; Continue (do nothing) 



check: cpi rl6,$42 
breq error 
ret 



Check if rl6 has a special value 
Branch if equal 
Return from subroutine 



error: rjmp error 



Infinite loop 



Words: 2 (4 bytes) 
Cycles: 4 



6-36 Instruction Set 



H^^HMMMMMMMMH^^HHHMMHHH^H InStrUCtiOn Set 

CBI - Clear Bit in I/O Register 



Description: 

Clears a specified bit in an I/O register. This instruction operates on the lower 32 I/O registers - addresses 0-31 . 

Operation: 

(i) l/0(P,b) <- 



Syntax: 

(i) CBI P,b 



Operands: 

0<P<31,0<b<7 



Program Counter: 

PC <- PC + 1 



16 bit Opcode: 



1001 



1000 



pppp 



pbbb 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

cbi $12,7 

Words: 1 (2 bytes) 



i clear bit 7 in Port D 



CBR - Clear Bits in Register 



Description: 

Clears the specified bits in register Rd. Performs the logical AND between the contents of register Rd and the complement 
of the constant mask K. The result will be placed in register Rd. 

Operation: 

(i) Rd <- Rd . ($FF - K) 



Syntax: 

(i) CBR Rd,K 



Operands: 

16<d<31,0<K<255 



16 bit Opcode: See ANDI with K complemented. 
Status Register (SREG) and Boolean Formulae: 
I T H S V N 



Program Counter: 

PC <- PC + 1 



S: N ffi V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 »RB •R"5« FR. FfS .R2. RT« FTO 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



cbr 
cbr 



rl6, $F0 
rl8,l 



; Clear upper nibble of rl6 
i Clear bit in rl8 



Words: 1 (2 bytes) 
Cycles: 1 



6-38 Instruction Set 



Instruction Set 



CLC - Clear Carry Flag 



Description: 

Clears the Carry flag (C) in SREG (status register). 



Operation: 

(i) C <- 



Syntax: 

(i) CLC 



Operands: 

None 



Program Counter: 

PC 4- PC + 1 



16 bit Opcode: 



1001 


0100 


1000 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 




















C: 

Carry flag cleared 



clc 



Add rO to itself 
clear carry flag 



Words: 1 (2 bytes) 
Cycles: 1 



CLH - Clear Half Carry Flag 



Description: 

Clears the Half Carry flag (H) in SREG (status register). 



Operation: 

(i) H <- 

Syntax: Operands: Program Counter: 

(i) CLH None PC <- PC + 1 



16 bit Opcode: 



1001 


0100 


1101 


1000 



Status Register (SREG) and Boolean Formulae: 



I T H S V N Z C 





















H: 

Half Carry flag cleared 

Example: 

clh j Clear the Half Carry flag 

Words: 1 (2 bytes) 
Cycles: 1 



6-40 Instruction Sot ■■■■■■■■■ 



CLI - Clear Global Interrupt Flag 



Instruction Set 



Description: 

Clears the Global Interrupt flag (I) in SREG (status register) 

Operation: 

(i) I «- 

Syntax: Operands: 

(i) CLI None 



16 bit Opcode: 



1001 


0100 


1111 


1000 



Status Register (SREG) and Boolean Formulae: 



I T H S V N Z 



| - 


1 • 













I: 

Global Interrupt flag cleared 

Example: 

cli ; Disable interrupts 

in rll,$16 ; Read port B 

sei j Enable interrupts 



Program Counter: 

PC <- PC + 1 



Words: 1 (2 bytes) 
Cycles: 1 



CLN - Clear Negative Flag 



Description: 

Clears the Negative flag (N) in SREG (status register). 

Operation: 

(i) N «- 



Syntax: 

(i) CLN 



Operands: 

None 



Program Counter: 

PC «- PC + 1 



16 bit Opcode: 



1001 


0100 


1010 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 










■ 1 • 







N: 

Negative flag cleared 



Example: 



add r2 , r3 j Add r3 to r2 

cln ; Clear negative flag 



Words: 1 (2 bytes) 
Cycles: 1 



6-42 Instruction Set 



Instruction Set 



CLR - Clear Register 



Description: 

Clears a register. This instruction performs an Exclusive OR between a register and itself. This will clear all bits in the reg- 
ister. 

Operation: 

(i) Rd <r- Rd e Rd 

Syntax: Operands: Program Counter: 



(i) 


CLR Rd 





<d<31 






16 bit Opcode: (see EOR Rd.Rd) 




0010 


Oldd 


dddd 


dddd 



Status Register (SREG) and Boolean Formulae: 



I T H 


S 


V 


N 


z 


c 


" I - I - 











1 





S: 

Cleared 

V: 

Cleared 

N: 

Cleared 

Z: 1 

Set 

R (Result) equals Rd after the operation. 
Example: 

clr rl8 ; clear rl8 

loop: inc rl8 j increase rl8 

cpi rl8,SS0 ; Compare rl8 to $50 

brne loop 



Words: 1 (2 bytes) 
Cycles: 1 



CLS - Clear Signed Flag 



Description: 

Clears the Signed flag (S) in SREG (status register). 

Operation: 

(i) S <- 

Syntax: Operands: Program Counter: 

(i) CLS None PC <- PC + 1 

16 bit Opcode: 



1001 


0100 


1100 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


z 


c 










































S: 

Signed flag cleared 

Example: 

add r2 , r3 ; Add r3 to r2 

els ; Clear signed flag 

Words: 1 (2 bytes) 
Cycles: 1 



6-44 Instruction Set 



Instruction Set 



CLT - Clear T Flag 



Description: 

Clears the T flag in SREG (status register). 

Operation: 

(i) T <- 



<i) 



Syntax: 

CLT 

16 bit Opcode: 



None 



1001 



0100 



1110 



1000 



Program Counter: 

PC «- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 

• I I - IZI 



T flag cleared 



Clear T flag 



Words: 1 (2 bytes) 
Cycles: 1 



6-45 



CLV - Clear Overflow Flag 



Description: 

Clears the Overflow flag (V) in SREG (status register). 



(i) 
(i) 



Operation: 

V<-0 

Syntax: 

CLV 

16 bit Opcode: 



Operands: 

None 



1001 


0100 


1011 


1000 



Program Counter: 

PC <— PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



V: 

Overflow flag cleared 

Example: 



add r2 , r3 ; Add r3 to r2 

civ ; Clear overflow flag 



Words: 1 (2 bytes) 
Cycles: 1 



6-46 Instruction Set 



CLZ - Clear Zero Flag 



Description: 

Clears the Zero flag (Z) in SREG (status register). 

Operation: 

(i) Z^O 

Syntax: Operands: Program Counter: 

(i) CLZ None PC <- PC + 1 



16 bit Opcode: 



1001 


0100 


1001 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 




















Z: 

Zero flag cleared 

Example: 

add r2 , r3 ; Add r3 to r2 

clz ; Clear zero 



Words: 1 (2 bytes) 
Cycles: 1 



COM - One's Complement 



Description: 

This instruction performs a one's complement of register Rd. 



Operation: 

(i) Rd <- $FF - Rd 

Syntax: 



Operands: 



(i) 


COM Rd 


0<d<31 






16 bit Opcode: 






1001 


OlOd 


dddd 


0000 



Program Counter: 

PC <- PC + 1 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N Z 


C 








o 





<=> o 


1 



S: NeV 

For signed tests. 

V: 

Cleared. 



N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 .Ff5« R5. R4" .Ff3 .R2. RT .FTO 

Set if the result is $00; Cleared otherwise. 



C: 1 

Set. 



R (Result) equals Rd after the operation. 
Example: 



com r4 
breq zero 



Take one's complement of r4 
if 



zero: nop 

Words: 1 (2 bytes) 
Cycles: 1 



; Branch destination (do nothing) 



6-48 Instruction Set i 



Instruction Set 



CP - Compare 



This instruction performs a compare between two registers Rd and Rr. None of the registers are changed. All conditional 
branches can be used after this instruction. 



Operation: 

(i) Rd - Rr 

Syntax: 
(i) CP Rd.Rr 

16 bit Opcode: 



Operands: 

0<d<31,0<r<31 



0001 


Olrd 


dddd 


rrrr 



Program Counter: 

PC <- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



H: Has »Rr3+ Rr3 «R3 +R3« RU3 

Set if there was a borrow from bit 3; cleared otherwise 

S: N © V, For signed tests. 

V: Rd7. H37 .R7+ R37 .Rr7 .R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: Rd7 .Rr7 +Rr7« R7+ R7. Rd7 

Set if the result is $00; cleared otherwise. 

C: Ra7 »Rr7+ Rr7. R7 +R7» R37 

Set if the absolute value of the contents of Rr is larger than the absolute value of Rd; cleared otherwise. 

R (Result) after the operation. 
Example: 



cp r4,rl9 
brne noteq 



; Compare r4 with rl9 
I Branch if r4 <> r!9 



noteq: nop 

Words: 1 (2 bytes) 
Cycles: 1 



; Branch destination (do nothing) 



6-49 



CPC - Compare with Carry 



Description: 

This instruction performs a compare between two registers Rd and Rr and also takes into account the previous carry. None 
of the registers are changed. All conditional branches can be used after this instruction. 



Operation: 

(i) Rd-Rr-C 

Syntax: Operands: Program Counter: 

(i) CPCRd.Rr 0<d<31,0<r<31 PC <— PC + 1 



16 bit Opcode: 



0000 


Olrd 


dddd 


rrrr 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



H: 

S: 
V: 



Z: 
C: 



R33 «Rr3+ Rr3 «R3 +R3 »Ff33 

Set if there was a borrow from bit 3; cleared otherwise 

N ffi V, For signed tests. 
Rd7 •R77» R7+ R37» Rr7 »R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

i 

R7 

Set if MSB of the result is set; cleared otherwise. 



R7 •RU» R5» m .RS «R2 •RT» RU »Z 

Previous value remains unchanged when the result is zero; cleared otherwise. 
Hd7 .Rr7+ Rr7« R7 +R7 »Rd7 

Set if the absolute value of the contents of Rr plus previous carry is larger than the absolute value of Rd; cleared 
otherwise. 



■ 



R (Result) after the operation. 
Example: 



cp 

cpc 

brne 



r2,r0 
r3,rl 
noteq 



Compare r3:r2 with rl:r0 
Compare low byte 
Compare high byte 
Branch if not equal 



noteq: nop 



Branch destination {do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



6-50 Instruction Set 



CPI - Compare with Immediate 



Description: 

This instruction performs a compare between register Rd and a constant. The register is not changed. All conditional 
branches can be used after this instruction. 



Operation: 

(i) Rd - K 

Syntax: Operands: Program Counter: 

(i) CPIRd.K 16<d<31,0<K<255 PC «- PC + 1 



16 bit Opcode: 



0011 


KKKK 


dddd 


KKKK 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



H: R33 .K3+ K3« R3+ R3 .R33 

Set if there was a borrow from bit 3; cleared otherwise 

S: N © V, For signed tests. 

V: Rd7 .K7 .R7 +FfrJ7 »K7 «R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 «RB» Ff5 •R~3» R3. R2 •RT •HO" 

Set if the result is $00; cleared otherwise. 



C: Ffo7 «K7 +K7 .R7+ R7 .H37 

Set if the absolute value of K is larger than the absolute value of Rd; cleared otherwise. 

R (Result) after the operation. 
Example: 

cpi rl9,3 ; Compare rl9 with 3 

brne error ; Branch if rl9<>3 

error: nop ; Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



iflniEL 



CPSE - Compare Skip if Equal 



Description: 

This instruction performs a compare between two registers Rd and Rr, and skips the next instruction if Rd = Rr. 
Operation: 

(i) If Rd = Rr then PC <- PC + 2 (or 3) else PC <- PC + 1 

Syntax: Operands: Program Counter: 

(i) CPSE Rd.Rr 0<d<31,0<r<31 PC <- PC + 1 , Condition false - no skip 

PC <- PC + 2, Skip a one word instruction 
PC <- PC + 3, Skip a two word instruction 



16 bit Opcode: 



0001 


OOrd 


dddd 


rrrr 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 



Example: 



inc r4 ; Increase r4 

cpse r4,r0 ; Compare r4 to rO 

neg r4 ; Only executed if r4or0 

nop ; Continue (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



6-52 Instruction Set 



DEC - Decrement 



Instruction Set 



Description: 

Subtracts one -1- from the contents of register Rd and places the result in the destination register Rd. 

The C flag in SREG is not affected by the operation, thus allowing the DEC instruction to be used on a loop counter in mul- 
tiple-precision computations. 

When operating on unsigned values, only BREQ and BRNE branches can be expected to perform consistently. When 
operating on two's complement values, all signed branches are available. 

Operation: 

(i) Rd <- Rd - 1 

Syntax: Operands: Program Counter: 



(i) 


DEC Rd 


0<d<31 






16 bit Opcode: 






1001 


OlOd 


dddd 


1010 



Status Register and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 








<=> 


<=> 


<=> 


<=> 





S: N©V 

For signed tests. 

V: R7 .R6 »R5 .R4. R3» R2 »R1 • R0 

Set if two's complement overflow resulted from the operation; cleared otherwise. Two's complement overflow occurs 
if and only if Rd was $80 before the operation. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 .R5. R5 .R?» R3. R2. RT» RT> 

Set if the result is $00; Cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



ldi 


rl7,$10 


; Load constant in rl7 


add 


rl,r2 


; Add r2 to rl 


dec 


rl7 


; Decrement rl7 


brne 


loop 


; Branch if rl7<>0 


nop 




; Continue {do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



EOR - Exclusive OR 



Description: 

Performs the logical EOR between the contents of register Rd and register Rr and places the result in the destination regis- 
ter Rd. 



Operation: 

(i) Rd<-Rd© Rr 

Syntax: Operands: 

(i) EOR Rd.Rr 0<d<31,0<r<31 

16 bit Opcode: 



0010 


Olrd 


dddd 


rrrr 



Program Counter: 

PC «- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z 



S: N © V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7 .RB •R5 «Ff?. R3» R2 •RT» FTO 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



eor 
eor 



r4,r4 
r0,r22 



j Clear r4 

; Bitwise exclusive or between rO and r22 



Words: 1 (2 bytes) 
Cycles: 1 



6-54 Instruction Set 



ICALL - Indirect Call to Subroutine 



Description: 

Indirect call of a subroutine pointed to by the Z (16 bits) pointer register in the register file. The Z pointer register is 16 bits 
wide and allows call to a subroutine within the current 64K words (128K bytes) section in the program memory space. 

Operation: 

(i) PC(15-0) <- Z(15 - 0)Devices with 16 bits PC, 128K bytes program memory maximum. 

(ii) PC(15-0) i- Z(15 - OJDevices with 22 bits PC, 8M bytes program memory maximum. 
PC(21-16) is unchanged 

Syntax: Operands: Program Counter: Stack 

(i) ICALL None See Operation STACK <- PC+1 

SP<-SP-2 (2 bytes, 16 bits) 

(ii) ICALL None See Operation STACK <- PC+1 

SP «- SP-3 (3 bytes, 22 bits) 



16 bit Opcode: 



1001 


0101 


xxxx 


1001 


Status Register (J 


SREG) and 


Boolean Formulae: 


I T 


H 


S 


V 



Example: 

mov r30,r0 ; Set offset to call table 

icall ; Call routine pointed to by r31:r30 

Words: 1 (2 bytes) 
Cycles: 3 



IJMP - Indirect Jump 



Description: 

Indirect jump to the address pointed to by the Z (16 bits) pointer register in the register file. The Z pointer register is 16 bits 
wide and allows jump within the current 64K words (128K bytes) section of program memory. 



(i) 
(ii) 



(ii) 
(iii) 



Operation: 

PC <- Z(15 - 0) Devices with 16 bits PC, 128K bytes program memory maximum. 
PC(15-0) <- Z(15-0) Devices with 22 bits PC, 8M bytes program memory maximum. 
PC(21-16) is unchanged 

Syntax: Operands: Program Counter: Stack 

IJMP None See Operation Not Affected 

IJMP None See Operation Not Affected 

16 bit Opcode: 



1001 


0100 


xxxx 


1001 


Status Register (SREG) and 


Boolean 


-ormulss. 


I T 


H 


S 


V I 



N 



c 



Example: 



mov r30,r0 ; Set offset to jump table 

ijmp ; Jump to routine pointed to by r31:r30 



Words: 1 (2 bytes) 
Cycles: 2 



6-56 Instruction Set 



Instruction Set 



IN - Load an I/O Port to Register 



Description: 

Loads data from the I/O Space (Ports, Timers, Configuration registers etc.) into register Rd in the register file. 

Operation: 

(i) Rd <- P 

Syntax: Operands: Program Counter: 

(i) INRd.P 0<d<31,0<P<63 PC <- PC + 1 

16 bit Opcode: 



1011 


OPPd 


dddd 


PPPP 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 



Example: 



in 

cpi 

breq 



r25,$16 

r25,4 

exit 



Read Port B 

Compare read value to constant 
Branch if r25=4 



exit: nop 



; Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



INC - Increment 



Description: 

Adds one -1- to the contents of register Rd and places the result in the destination register Rd. 

The C flag in SREG is not affected by the operation, thus allowing the INC instruction to be used on a loop counter in mul- 
tiple-precision computations. 

When operating on unsigned numbers, only BREQ and BRNE branches can be expected to perform consistently. When 
operating on two's complement values, all signed branches are available. 

Operation: 

(i) Rd «- Rd + 1 



(i) 


Syntax: 
INC Rd 




Operands: 

0<d<31 


Program Counter: 

PC «- PC + 1 




16 bit Opcode: 






1001 


OlOd 


dddd 0011 





Status Register and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 












<=> 







S: NeV 

For signed tests. 

V: R7 •R75 »FH »R3« Ff2 »RT •R0~ 

Set if two's complement overflow resulted from the operation; cleared otherwise. Two's complement overflow occurs 
if and only if Rd was $7F before the operation. 

N: R7 

Set if MSB of the result is set; 



R7 .RE .R5 .FR.R3 «R2. RT. FTO 

Set if the result is $00; Cleared otherwise. 



R (Result) equals Rd after the operation. 
Example: 



clr 

loop: inc 



r22 
r22 



; clear r22 

; increment r22 



cpi r22,S4F 
brne loop 
nop 

Words: 1 (2 bytes) 
Cycles: 1 



i Compare r22 to $4f 
; Branch if not equal 
; Continue {do nothing) 



6-58 Instruction Set 



JMP - Jump 



MBi^MHMiMBMi Instruction Set 



Description: 

Jump to an address within the entire 4M (words) program memory. See also RJMP. 

Operation: 

(i) PC «- k 

Syntax: Operands: Program Counter: Stack 

(i) JMPk 0<k<4M PC<-k Unchanged 



32 bit Opcode: 



1001 


010k 


kkkk 


110k 


kkkk 


kkkk 


kkkk 


Kkkk 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 

mov rl , rO ; Copy rO to rl 

jmp farplc ; Unconditional jump 

farplc: nop ; Jump destination (do nothing) 

Words: 2 (4 bytes) 
Cycles: 3 



LD - Load Indirect from SRAM to Register using Index X 



Description: 

Loads one byte indirect from SRAM to register. The SRAM location is pointed to by the X (16 bits) pointer register in the 
register file. Memory access is limited to the current SRAM page of 64K bytes. To access another SRAM page the RAMPX 
in register in the I/O area has to be changed. 

The X pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are especially suited for accessing arrays, tables, and stack pointer usage of the X pointer register. 

Using the X pointer: 





Operation: 


Comment: 






(i) 


Rd <- (X) 






X: Unchanged 


(ii) 


Rd <- (X) 


X<-X + 1 




X: Post incremented 


(iii) 


X«-X-1 


Rd <- (X) 




X: Pre decremented 




Syntax: 


Operands: 




Program Counter: 


(i) 


LD Rd, X 


< d < 31 




PC <- PC + 1 


(ii) 


LD Rd, X+ 


< d < 31 




PC <- PC + 1 


(iii) 


LD Rd,-X 


< d < 31 




PC «- PC + 1 



16 bit Opcode: 



(i) 


1001 


OOOd 


dddd 


1100 


(ii) 


1001 


OOOd 


dddd 


1101 


(iii) 


1001 


OOOd 


dddd 


1110 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 



clr 


r27 


ldi 


r26, $20 


Id 


r0,X+ 


Id 


rl,X 


ldi 


r26, S23 


Id 


r2.X 


Id 


r3,-X 


Words: 1 (2 bytes) 


Cycles: 2 





Clear X high byte 
Set X low byte to $20 
Load rO with SRAM loc. 
Load rl with SRAM loc. 
Set X low byte to $23 
Load r2 with SRAM loc. 



$20 (X post inc) 
$21 



$23 



Load r3 with SRAM loc. $22 (X pre dec) 



6-60 Instruction Set 



■MBMHnnHMBi^^ Instruction Set 

LD (LDD) - Load Indirect from SRAM to Register using Index Y 



Description: 

Loads one byte indirect with or without displacement from SRAM to register. The SRAM location is pointed to by the Y (16 
bits) pointer register in the register file. Memory access is limited to the current SRAM page of 64K bytes. To access 
another SRAM page the RAMPY register in the I/O area has to be changed. 

The Y pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are especially suited for accessing arrays, tables, and stack pointer usage of the Y pointer register. 

Using the Y pointer: 



(i) 
(ii) 
(iii) 
(iiii) 



(i) 
(ii) 
(iii) 
(iiii) 



Operation: 

Rd <- (Y) 
Rd *- (Y) 
Y <- Y - 1 
Rd <- (Y+q) 



LD Rd, Y 
LD Rd, Y+ 
LD Rd,-Y 
LDD Rd, Y+q 

16 bit Opcode : 



Y«-Y+1 
Rd <- (Y) 

Operands: 

0<d<31 
0<d<31 
< d < 31 

0<d<31,0<q<63 



(>) 


1000 


OOOd 


dddd 


1000 


(ii) 


1001 


OOOd 


dddd 


1001 


(iii) 


1001 


OOOd 


dddd 


1010 


(iiii) 


lOqO 


qqOd 


dddd 


lqqq 



Comment: 

Y: Unchanged 

Y: Post incremented 

Y: Pre decremented 

Y: Unchanged, q: Displacement 

Program Counter: 

PC <- PC + 1 
PC <- PC + 1 
PC <- PC + 1 
PC <- PC + 1 




Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



clr 


r2 9 


! Clear Y high byte 






ldi 


r28, $20 


; Set Y low byte to $20 






Id 


r0,Y+ 


; Load rO with SRAM loc. 


$20 (Y 


post inc) 


Id 


rl,Y 


J Load rl with SRAM loc. 


$21 




ldi 


r28, $23 


; Set Y low byte to $23 






Id 


r2, Y 


; Load r2 with SRAM loc. 


$23 




Id 


r3,-Y 


i Load r3 with SRAM loc. 


$22 (Y 


pre dec) 


ldd 


r4,Y+2 


; Load r4 with SRAM loc. 


$24 





Words: 1 (2 bytes) 
Cycles: 2 



Mm 



6-61 



LD (LDD) - Load Indirect From SRAM to Register using Index Z 

Description: 

Loads one byte indirectly with or without displacement from SRAM to register. The SRAM location is pointed to by the Z (1 6 
bits) pointer register in the register file. Memory access is limited to the current SRAM page of 64K bytes. To access 
another SRAM page the RAMPZ register in the I/O area has to be changed. 

The Z pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are especially suited for stack pointer usage of the Z pointer register, however because the Z pointer register can 
be used for indirect subroutine calls, indirect jumps and table lookup, it is often more convenient to use the X or Y pointer 
as a dedicated stack pointer. 

For using the Z pointer for table lookup in program memory see the LPM instruction. 
Using the Z pointer: 






Operation: 


Comment: 




(i) 


Rd *- (Z) 




Z: Unchanged 


(ii) 


Rd «- (Z) 


Z^-Z+ 1 


Z: Post increment 


(iii) 


Z<-Z-1 


Rd <- (Z) 


Z: Pre decrement 


(iiii) 


Rd «- (Z+q) 




Z: Unchanged, q: Displacement 




Syntax: 


Operands: 


Program Counter: 


(i) 


LD Rd, Z 


0<d<31 


PC <- PC + 1 


(ii) 


LD Rd, Z+ 


< d < 31 


PC «- PC + 1 


(iii) 


LD Rd,-Z 


0<d<31 


PC «- PC + 1 


(iiii) 


LDD Rd, Z+q 


0sd<31,0<q<63 


PC <- PC + 1 




16 bit Opcode: 







(i) 


1000 


OOOd 


dddd 


0000 


(ii) 


1001 


OOOd 


dddd 


0001 


(iii) 


1001 


OOOd 


dddd 


0010 


(iiii) 


lOqO 


qqOd 


dddd 


Oqqq 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



clr 


r31 


; Clear Z high byte 






ldi 


r30, $20 


; Set Z low byte to 


$20 




Id 


rO, Z+ 


; Load rO with SRAM 


loc . 


$20 (Z post inc) 


Id 


rl.Z 


1 Load rl with SRAM 


loc . 


$21 


ldi 


r30.$23 


; Set Z low byte to 


$23 




Id 


r2,Z 


; Load r2 with SRAM 


loc . 


$23 


Id 


r3,-Z 


; Load r3 with SRAM 


loc . 


$22 (Z pre dec) 


ldd 


r4,Z+2 


; Load r4 with SRAM 


loc . 


$24 



Words: 1 (2 bytes) 
Cycles: 2 



6-62 Instruction Set 



Instruction Set 



LDI - Load Immediate 



Description: 

Loads an 8 bit constant directly to register 16 to 31 . 

Operation: 

(i) Rd <- K 



Syntax: 

(i) LDI Rd,K 

16 bit Opcode: 



Operands: 

16<d<31,0<K<255 



1110 


KKKK 


dddd 


KKKK 



Program Counter: 

PC <- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

clr r31 
ldi r30,$F0 
1pm 



Words: 1 (2 bytes) 
Cycles: 1 



; Clear Z high byte 

i Set z low byte to $F0 

; Load constant from program 

; memory pointed to by z 




iflmii 



6-63 



vflniEL 

LDS - Load Direct from SRAM 



Description: 

Loads one byte from the SRAM to a Register. A 16-bit address must be supplied. Memory access is limited to the current 
SRAM Page of 64K bytes. The LDS instruction uses the RAMPZ register to access memory above 64K bytes. 



Operation: 

(i) Rd <- (k) 

Syntax: Operands: Program Counter: 

(i) LDSRd.k < d < 31, < k< 65535 PC <- PC + 2 

32 bit Opcode: 



1001 


OOOd 


dddd 


0000 


kkkk 


kkkk 


kkkk 


kkkk 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 



Ids r2.SFF00 
add r2,rl 
sts SFF00,r2 



i Load r2 with the contents of SRAM location $FF00 
; add rl to r2 
i Write back 



Words: 2 (4 bytes) 
Cycles: 3 



6-64 Instruction Set 



Instruction Set 



LPM - Load Program Memory 



Description: 

Loads one byte pointed to by the Z register into register (RO). This instruction features a 100% space effective constant 
initialization or constant data fetch. The program memory is organized in 16 bits words and the LSB of the Z (16 bits) 
pointer selects either low byte (0) or high byte (1). This instruction can address the first 64K bytes (32K words) of program 
memory. 



(■) 
(i) 



Operation: 

RO <- (Z) 

Syntax: 
LPM 

16 bit Opcode: 



Operands: 

None 



1001 


0101 


110X 


1000 



Comment: 

Z points to program memory 

Program Counter: 

PC <- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z 



Example: 

clr r31 
ldi r30,$F0 
lpm 



Clear Z high byte 

Sec Z low byte 

Load constant from program 

memory pointed to by Z (r31:r30) 



Words: 1 (2 bytes) 
Cycles: 3 



LSL - Logical Shift Left 



Description: 

Shifts all bits in Rd one place to the left. Bit is cleared. Bit 7 is loaded into the C flag of the SREG. This operation effec- 
tively multiplies an unsigned value by two. 



(i) 

EH 



Operation: 



b7 ■ 



■bO 



Syntax: 



Operands: 



(i) 


LSL Rd 


< d < 31 






16 bit Opcode: (see ADD Rd.Rd) 




0000 


lldd 


dddd 


dddd 



Program Counter: 

PC <- PC + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



H: Rd3 

S: N © V, For signed tests. 

V: N © C (For N and C after the shift) 

Set if (N is set and C is clear) or (N is clear and C is set); Cleared otherwise (for values of N and C after the shift). 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7« R5 »R5. R3« R3" »R2. RT. RO" 

Set if the result is $00; cleared otherwise. 

C: Rd7 

Set if, before the shift, the MSB of Rd was set; cleared otherwise. 
R (Result) equals Rd after the operation. 
Example: 



add r0,r4 
lsl rO 



; Add r4 to rO 

i Multiply rO by 2 



Words: 1 (2 bytes) 
Cycles: 1 



6-66 Instruction Set 



LSR - Logical Shift Right 



Instruction Set 



Description: 

Shifts all bits in Rd one place to the right. Bit 7 is cleared. Bit is loaded into the C flag of the SREG. This operation effec- 
tively divides an unsigned value by two. The C flag can be used to round the result. 

Operation: 



b7- 



■bO 



El 



Syntax: 

(i) LSR Rd 



16 bit Opcode: 



Operands: 

0<d<31 



Program Counter: 

PC «- PC + 1 



1001 


01 Od 


dddd 


0110 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



S: N © V, For signed tests. 

V: N e C (For N and C after the shift) 

Set if (N is set and C is clear) or (N is clear and C is set); Cleared otherwise (for values of N and C after the shift). 

N: 

Z: R7. R6~ .R5« Ft?. R3 »R2. RT» RO 

Set if the result is $00; cleared otherwise. 

C: RdO 

Set if, before the shift, the LSB of Rd was set; cleared otherwise. 
R (Result) equals Rd after the operation. 
Example: 




add 
lsr 



r0,r4 
rO 



; Add r4 to rO 
; Divide rO by 2 



Words: 1 (2 bytes) 
Cycles: 1 



6-67 



MOV - Copy Register 



Description: 

This instruction makes a copy of one register into another. The source register Rr is left unchanged, while the destination 
register Rd is loaded with a copy of Rr. 

Operation: 

(i) Rd «- Rr 

Syntax: Operands: 

(i) MOVRd.Rr < d < 31 , < r < 31 

16 bit Opcode: 



Program Counter: 



( + 1 



0010 


llrd 


dddd 


rrrr 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



— 



Example: 



mov rl6,r0 ; Copy rO to rl6 



ine 



call check ; Call 

check: cpi rl6,$ll ; Compare rl6 to $11 



ret 



Words: 1 (2 bytes) 
Cycles: 1 



Return from subroutine 



6-68 Instruction Set 



Instruction Set 



MUL - Multiply 



Description: 

This instruction performs 8-bit » 8-bit -. 16-bit unsigned multiplication. 



Rr 

Multiplicand 
8 



Rd 



Rl 



x Multiplier -» Product High 



RO 

Product Low 



16 



The multiplicand Rr and the multiplier Rd are two registers. The 1 6-bit product is placed in R1 (high byte) and RO (low byte). 
Note that if the multiplicand and the multiplier is selected from RO or R1 the result will overwrite those after multiplication. 

Operation: 

(i) R1,R0<-RrxRd 

Syntax: Operands: Program Counter: 

(i) MULRd.Rr < d < 31 , < r < 31 PC «- PC + 1 

16 bit Opcode: 



1001 


llrd 


dddd 


rrrr 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 

~. I ~. . . 



C: R15 

Set if bit 15 of the result is set; cleared otherwise. 
R (Result) equals R1,R0 after the operation. 
Example: 

raulr6,r5; Multiply r6 and rS 
movr6,rl; Copy result back in r6:r5 
movr5,r0; Copy result back in r6:r5 

Words: 1 (2 bytes) 
Cycles: 2 



Not available in base-line microcontrollers. 



NEG - Two's Complement 



Description: 

Replaces the contents of register Rd with its two's complement; the value $80 is left unchanged. 

Operation: 
(i) Rd «- $00 - Rd 



Syntax: 

(i) NEG Rd 

16 bit Opcode: 



Operands: 

0<d<31 



Program Counter: 

PC <- PC + 1 



1001 



OlOd dddd 0001 



□ 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 






<=> 


<=> 




<=> 


<=> 





H: 

S: 
V: 



R3.R33 

Set if there was a borrow from bit 3; cleared otherwise 
N©V 

For signed tests. 

R7. RB .R5. FTC. R3 .R2~. RT. RO 

Set if there is a two's complement overflow from the implied subtraction from zero; cleared otherwise. A two's com- 
plement overflow will occur if and only if the contents of the Register after operation (Result) is $80. 



N: R7 

Set if MSB of the result is set; cleared 

Z: R7. m .R5. Ff?» R3 .R2« RT. RO 

Set if the result is $00; Cleared otherwise. 

C: R7 + R6 + R5 + R4 + R3 + R2 + R1 + R0 

Set if there is a borrow in the implied subtraction from zero; cleared otherwise. The C flag will be set in all cases 
except when the contents of Register after operation is $00. 

R (Result) equals Rd after the operation. 



Example: 

sub rll.r0 
brpl positive 
neg rll 
positive: nop 



Subtract rO from rll 
Branch if result positive 
Take two's complement of rll 
Branch destination (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



6-70 Instruction Set 



NOP - No Operation 



Description: 

This instruction performs a single cycle No Operation. 

Operation: 

(i) No 

Syntax: Operands: Program Counter: 

(i) NOP None PC <- PC + 1 

16 bit Opcode: 



0000 


0000 


0000 


0000 



Status Register (SREG) and Boolean Formulae: 



I T H S V N Z C 



Example: 

clr rl6 ; Clear rl6 

ser rl7 ; Set rl7 

out $18,rl6 ; Write zeros to Port B 

nop Wait (do nothing) 

out $18,rl7 ,• Write ones to Port B 



Words: 1 (2 bytes) 
Cycles: 1 



VllfllEL 

OR - Logical OR 



Description: 

Performs the logical OR between the contents of register Rd and register Rr and places the result in the destination register 
Rd. 



Operation: 

(i) Rd «- Rd v Rr 

Syntax: 

(i) OR Rd.Rr 

16 bit Opcode: 



Operands: 

0<d<31,0<r<31 



Program Counter: 

PC <- PC + 1 



0010 


lOrd 


dddd 


rrrr 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 















<=> 





S: N © V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R6~ .R5. R?. R3 .R5« RT. HO 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



or 

bst 

brts 

ok : nop 

Words: 1 (2 bytes) 
Cycles: 1 



rl5,rl6 ; Do bitwise or between registers 

rl5.6 ; Store bit 6 of rl5 in T flag 

ok ; Branch if T flag set 

; Branch destination (do nothing) 



6-72 Instruction Set 



Instruction Set 



ORI - Logical OR with Immediate 



Description: 

Performs the logical OR between the contents of register Rd and a constant and places the result in the destination register 
Rd. 



Operation: 

(i) Rd ^ Rd v K 

Syntax: Operands: Program Counter: 

(i) ORIRd.K 16<d<31, 0< K < 255 PC <- PC + 1 

16 bit Opcode: 



0110 


KKKK 


dddd 


KKKK 



Status 



and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


z 


c 








<=> 





<=> 


<=> 





S: N.V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R5 .R5. FH. R3 .RS. RT. RU 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 

ori rl6,$F0 ; Set high nibble of r!6 

ori r!7,l ; Set bit of r!7 



Words: 1 (2 bytes) 
Cycles: 1 



OUT - Store Register to I/O port 



Description: 

Stores data from register Rr in the register file to I/O space (Ports, Timers, Configuration registers etc.). 



(') 
(i) 



Operation: 

P^Rr 

Syntax: 

OUT P,Rr 

16 bit Opcode: 



Operands: 

0<r<31,0<P<63 



Program Counter: 

PC <- PC + 1 



1011 


lPPr 


r r r r 


PPPP 



Status Register (SREG) and Boolean Formulae: 



H 



Example: 



Words: 1 (2 bytes) 
Cycles: 1 



clr 


rl6 


; Clear rl6 


ser 


Til 


; Set rl7 


out 


$18, rl6 


; Write zeros to Port B 


nop 




; Wait (do nothing) 


out 


$18,rl7 


f Write ones to Port B 



6-74 Instruction Set 



Instruction Set 



POP - Pop Register from Stack 



Description: 

This instruction loads register Rd with a byte from the STACK. 

Operation: 

(i) Rd «- STACK 



Syntax: 



Operands: 



(i) POP Rd 


0<d <31 




16 bit Opcode: 






1001 


OOOd 


dddd 


1111 



Program CounterStack 

PC<-PC + 1SP<-SP + 1 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



call routine 



Call subroutine 



push 
push 



rl4 
rl3 



Save rl4 on the stack 
Save rl3 on the stack 



pop 
pop 
ret 



rl3 
rl4 



Restore rl3 
Restore r!4 

Return from subroutine 



Words: 1 (2 bytes) 
Cycles: 2 



PUSH - Push Register on Stack 



Description: 

This instruction stores the contents of register Rr on the STACK. 

Operation: 

(i) STACK <- Rr 

Syntax: Operands: Program CountenStack: 

(i) PUSHRr 0<r<31 PC <- PC + 1SP «- SP - 1 

16 bit Opcode: 



1001 


OOld 


dddd 


1111 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 



call 



routine ; Call subroutine 



routine 



push 
push 



rl4 



Save r!4 on the stack 



Save rl3 on the stack 



pop 



Restore r!3 



pop 



rl4 



Restore r!4 



ret 



Return from subroutine 



Words: 1 (2 bytes) 
Cycles: 2 



6-76 Instruction Set 



RCALL - Relative Call to Subroutine 



Instruction Set 



Description: 

Calls a subroutine within + 2K words (4K bytes). The return address (the instruction after the RCALL) is stored onto the 
stack. (See also CALL). 

Operation: 

(i) PC<-PC + k+1 Devices with 16 bits PC, 128K bytes program memory maximum. 

(ii) PC <- PC + k + 1 Devices with 22 bits PC, 8M bytes program memory maximum. 

■ 

Syntax: Operands: Program Counter: Stack 

(i) RCALL k -2K<k<2K PC<-PC + k+1 STACK «- PC+1 

SP<-SP-2 (2 bytes, 16 bits) 

(ii) RCALL k -2K<k<2K PC <- PC + k + 1 STACK <- PC+1 

SP <- SP-3 (3 bytes, 22 bits) 

16 bit Opcode: 



1101 


kkkk 


kkkk 


kkkk 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 

rcall routine ; Call subroutine 

routine: push rl4 ; Save rl4 on the stack 

pop rl4 ; Restore rl4 

ret ; Return from subroutine 



Words: 1 (2 bytes) 
Cycles: 3 



RET - Return from Subroutine 



Description: 

Returns from subroutine. The return address is loaded from the STACK. 



(i) 
(ii) 



(i) 
(ii) 



Operation: 

PC(15-0) <- STACK Devices with 16 bits PC, 128K bytes program memory maximum. 
PC(21-0) <- STACKDevices with 22 bits PC, 8M bytes program memory maximum. 



Syntax: 
RET 

RET 

16 bit Opcode: 



Operands: 

None 

None 



Program Counter: Stack 

See Operation SP<-SP+2,(2 bytes,16 bits pulled) 











1001 


0101 


oxxo 


1000 



See Operation 



SP<-SP+3,(3 bytes,22 bits pulled) 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



call routine 
push r!4 



; Call subroutine 

i Save r!4 on the stack 



pop 
ret 



rl4 



; Restore rl4 

; Return from subroutine 



Words: 1 (2 bytes) 
Cycles: 4 



6-78 Instruction Set 



Instruction Set 



RETI - Return from Interrupt 



Description: 

Returns from interrupt. The return address is loaded from the STACK and the global interrupt flag is set. 
Operation: 

(i) PC(15-0) <- STACKDevices with 16 bits PC, 128K bytes program memory maximum. 

(ii) PC(21-0) <- STACKDevices with 22 bits PC, 8M bytes program memory maximum. 



Operands: 



(i) RETI 

(ii) RETI 

16 bit Opcode: 



None 



Program Counter: Stack 

See Operation SP <- SP +2 (2 bytes, 1 6 bits) 



See Operation 



SP <- SP +3 (3 bytes, 22 bits) 

■ 



1001 


0101 


0XX1 


1000 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



I: 



1 



The I flag is set. 
Example: 

extint: push rO 



Save rO on the stack 



pop rO 
reti 



; Restore rO 

; Return and enable interrupts 



Words: 1 (2 bytes) 
Cycles: 4 



RJMP - Relative Jump 



Description: 

Relative jump to an address within PC-2K and PC + 2K (words). In the assembler, labels are used instead of relative oper- 
ands. For AVR microcontrollers with program memory not exceeding 4K words (8K bytes) this instruction can address the 
entire memory from every address location. 



Operation: 

(i) PC <- PC + k + 1 

Syntax: 
(i) RJMP k 

16 bit Opcode: 



■ 



Operands: 

-2K < k < 2K 



1100 


kkkk 


kkkk 


kkkk 



Program Counter: 

PC <- PC + k + 1 



Stack 

Unchanged 



Status Register (SREG) and Boolean Formulae: 
I T H S V N 



Example: 



cpi rl6,$42 

brne error 

rjmp ok 

add rl6,rl7 

inc rl6 
nop 



; Compare rl6 to $42 

; Branch if rl6 <> $42 

; Unconditional branch 

1 Add rl7 to rl6 

; Increment rl6 

; Destination for rjmp (do nothing) 



Words: 1 (2 bytes) 
Cycles: 2 



6 eo Instruction Set 



Instruction Set 



ROL - Rotate Left trough Carry 



Description: 

Shifts all bits in Rd one place to the left. The C flag is shifted into bit of Rd. Bit 7 is shifted into the C flag. 



Operation: 



EH 



b7 ■ 



■bO 



MS 



Syntax: 

(i) ROL Rd 



Operands: 

0<d <31 



16 bit Opcode: (see ADC Rd.Rd) 



Program Counter: 

PC <- PC + 1 



0001 


lldd 


dddd 


dddd 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



H: Rd3 

S: N © V, For signed tests. 

V: N e C (For N and C after the shift) 

Set if (N is set and C is clear) or (N is clear and C is set); Cleared otherwise (for values of N and C after the shift). 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: K7» R6 .R5» FT3» R3 .R2« RT» RT5 

Set if the result is $00; cleared otherwise. 

C: Rd7 

Set if, before the shift, the MSB of Rd was set; cleared otherwise. 
R (Result) equals Rd after the operation. 
Example: 



rolrl5 
brcsoneenc 



; Rotate left 

; Branch if carry set 



oneenc : nop 



Branch destination {do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



ROR - Rotate Right trough Carry 



Description: 

Shifts all bits in Rd one place to the right. The C flag is shifted into bit 7 of Rd. Bit is shifted into the C flag. 
Operation: 



Syntax: Operands: Program Counter: 

(i) ROR Rd < d < 31 PC <- PC + 1 

16 bit Opcode: 



1001 


OlOd 


dddd 


0111 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 








<=> 


<=> 


<=> 


<=> 





S: N ffi V, For signed tests. 

V: N © C (For N and C after the shift) 

Set if (N is set and C is clear) or (N is clear and C is set); Cleared otherwise (for values of N and C after the shift). 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7« RB .R5. R3» R3 .R2. RT» HO 

Set if the result is $00; cleared otherwise. 

C: RdO 

Set if, before the shift, the LSB of Rd was set; cleared otherwise. 
R (Result) equals Rd after the operation. 
Example: 

rorrl5 ; Rotate right 

brcczeroenc ,- Branch if carry cleared 

zeroenc: nop ; Branch destination (do nothing) 

Words: 1 (2 bytes) 
Cycles: 1 



6 82 Instruction Set 



Instruction Set 



SBC - Subtract with Carry 



Description: 

Subtracts two registers and subtracts with the C flag and places the result in the destination register Rd. 

Operation: 

(i) Rd<-Rd-Rr-C 

Syntax: Operands: Program Counter: 

(i) SBCRd.Rr < d < 31 , < r < 31 PC <- PC + 1 



16 bit Opcode: 



0000 


lOrd 


dddd 


rrrr 



Status Register and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 






<=> 


<=> 


<=> 









H: Fra3» Rr3 + Rr3» R3 + R3 >K35 

Set if there was a borrow from bit 3; cleared otherwise 

S: N ffi V, For signed tests. 

V: Rd7 .R77. R7 +Rd7 «Rr7 .R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R6 .RS. R?« R3 .R2. RT» RT). Z 

Previous value remains unchanged when the result is zero; cleared otherwise. 

C: Ro7 .Rr7+ Rr7 .R7 +R7 .Ro7 

Set if the absolute value of the contents of Rr plus previous carry is larger than the absolute value of the Rd; cleared 
otherwise. 

R (Result) equals Rd after the operation. 
Example: 

; Subtract rl:r0 from r3:r2 
sub r2,r0 ; Subtract low byte 

sbc r3,rl ; Subtract with carry high byte 

Words: 1 (2 bytes) 
Cycles: 1 



SBCI - Subtract Immediate with Carry 



Description: 

Subtracts a constant from a register and subtracts with the C flag and places the result in the destination register Rd. 



(i) 
(i) 



Operation: 

Rd <- Rd - K - C 

Syntax: 
SBCI Rd,K 



Operands: 

16<d<31,0<K<255 



Program Counter: 

PC «- PC + 1 



16 bit Opcode: 



dddd 



0100 



KKKK 



Status Register and Boolean Formulae: 

I T H S V N 



H: R33. K3 + K3» R3 + R3 »R33 

Set if there was a borrow from bit 3; cleared otherwise 

S: NOV, For signed tests. 

V: Rd7 «K7. R7 +R37 «K7 «R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. RB »R5. F3» R3~ »R2. RT. R0". Z 

Previous value remains unchanged when the result is zero; cleared otherwise. 

C: Rd7 .K7+ K7 • R7 +R7 .R37 

Set if the absolute value of the constant plus previous carry is larger than the absolute value of Rd; cleared other- 
wise. 

R (Result) equals Rd after the operation. 
Example: 

; Subtract $4F23 from rl7:rl6 
subi rl6,S23 ; Subtract low byte 

sbci rl7,$4F ; Subtract with carry high byte 

Words: 1 (2 bytes) 
Cycles: 1 



6-84 Instruction Set 



Instruction Set 



SBI - Set Bit in I/O Register 



Description: 

Sets a specified bit in an I/O register. This instruction operates on the lower 32 I/O registers - addresses 0-31. 

Operation: 

(i) l/0(P,b) <- 1 



Syntax: 

(i) SBI P,b 

16 bit 



Operands: 

0<P<31,0<b<7 



Program Counter: 

PC <- PC + 1 



1001 


1010 


pppp 


pbbb 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z 



Example: 



out $lE,r0 
sbi S1C.0 
in rl.SID 



; Write EEPROM address 
; Set read bit in EECR 
i Read EEPROM data 



Words: 1 (2 bytes) 
Cycles: 2 



SBIC - Skip if Bit in I/O Register is Cleared 



Description: 

This instruction tests a single bit in an I/O register and skips the next instruction if the bit is cleared. This instruction oper- 
ates on the lower 32 I/O registers - addresses 0-31 . 

Operation: 

(i) If l/0(P,b) = then PC <- PC + 2 (or 3) else PC <- PC + 1 



Syntax: Operands: Program Counter: 

(i) SBICP.b 0<P<31,0<b<7 PC <- PC + 1 , If condition is false, no skip. 

PC «- PC + 2, If next instruction is one word. 
PC <- PC + 3, If next instruction is JMP or CALL 



16 bit Opcode: 



1001 


1001 


pppp 


pbbb 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 

e2wait: sbic $1C,1 ; Skip next inst. if EEWE cleared 

rjmp e2wait ; EEPROM write not finished 

nop j Continue (do nothing) 

Words: 1 (2 bytes) 

Cycles: 1 if condition is false (no skip) 

2 if condition is true (skip is executed) 



6-86 Instruction Set 



SBIS - Skip if Bit in I/O Register is Set 



Instruction Set 



Description: 

This instruction tests a single bit in an I/O register and skips the next instruction if the bit is set. This instruction operates on 
the lower 32 I/O registers - addresses 0-31. 

Operation: 

(i) If l/0(P,b) = 1 then PC <- PC + 2 (or 3) else PC <- PC + 1 



Syntax: Operands: Program Counter: 

(i) SBIS P,b 0<P<31,0<b<7 PC «- PC + 1, Condition false - no skip 

PC «- PC + 2, Skip a one word instruction 
PC <- PC + 3, Skip a JMP or a CALL 

16 bit Opcode: 



1001 


1011 


pppp 


pbbb 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 



Example: 

walcset: sbis $10,0 ; Skip next inst. if bit in Port D set 

rjmp waitset ; Bit not set 

nop ; Continue (do nothing) 

Words: 1 (2 bytes) 

Cycles: 1 if condition is false (no skip) 

2 if condition is true (skip is executed) 



SBIW - Subtract Immediate from Word 



Description: 

Subtracts an immediate value (0-63) from a register pair and places the result in the register pair. This instruction operates 
on the upper four register pairs, and is well suited for operations on the pointer registers. 

Operation: 

(i) Rdh:Rdl «- Rdh:Rdl - K 



Syntax: 
(i) SBIW Rdl.K 

16 bit Opcode: 



Operands: 

dl 6 {24,26,28,30}, < K < 63 



Program Counter: 

PC <- PC + 1 



1001 


0111 


KKdd 


KKKK 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



S: N © V, For signed tests. 
V: Rdh7 •RT5 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R15 

Set if MSB of the result is set; cleared otherwise. 

Z: RT5. R"T4~ •RT3" »RTZ •RTT» RT0~» R5. RB» R7« RB~ .R5« R4~. H3 .R2» RT» R0~ 

Set if the result is $0000; cleared otherwise. 

C: R15. FfoTi? 

Set if the absolute value of K is larger than the absolute value of Rd; cleared otherwise. 
R (Result) equals Rdh:Rdl after the operation (Rdh7-Rdh0 = R15-R8, Rdl7-Rdl0=R7-R0). 
Example: 



sbiw r24,l 
sbiw r2 8,63 



; Subtract 1 from r25:r24 

; Subtract 63 from the Y pointer (r29 : r28) 



Words: 1 (2 bytes) 
Cycles: 2 



e-ss Instruction Set 



Instruction Set 



SBR - Set Bits in Register 



Description: 

Sets specified bits in register Rd. Performs the logical ORI between the contents of register Rd and a constant mask K and 
places the result in the destination register Rd. 



Operation: 

(i) Rd «- Rd v K 

Syntax: Operands: 

(i) SBRRd.K 16 < d < 31, < K < 255 

16 bit Opcode: 



Program Counter: 

PC <- PC + 1 



0110 


KKKK 


dddd 


KKKK 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



S: N © V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. HB" •R5» M. R3 .R2» RT» R0~ 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 



sbr rl6,3 
sbr r!7,$F0 



; Set bits and 1 in rl6 
; Set 4 MSB in rl7 



Words: 1 (2 bytes) 
Cycles: 1 



6-89 



SBRC - Skip if Bit in Register is Cleared 



Description: 

This instruction tests a single bit in a register and skips the next instruction if the bit is cleared. 
Operation: 

(i) II Rr(b) = then PC <- PC + 2 (or 3) else PC <- PC + 1 



(i) 



Syntax: 
SBRC Rr,b 



16 bit Opcode: 



Operands: 

0<r<31,0<b<7 



Program Counter: 

PC «- PC + 1, If condition is false, no skip. 
PC <- PC + 2, If next instruction is one word. 
PC <- PC + 3, If next instruction is JMP or CALL 



1111 


HOr 


rrrr 


Xbbb 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



sub rO,rl 

sbrc rO , 7 

sub rO , rl 
nop 



Subtract rl from rO 

Skip if bit 7 in rO cleared 

Only executed if bit 7 in rO not cleared 

Continue (do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 if condition is false (no skip) 
2 if condition is true (skip is 



6-90 Instruction Set 



Instruction Set 



SBRS - Skip if Bit in Register is Set 



Description: 

This instruction tests a single bit in a register and skips the next instruction if the bit is set. 



Operation: 

(i) If Rr(b) = 1 then PC <- PC + 2 (or 3) else PC <- PC + 1 



Syntax: 

(i) SBRS Rr,b 



16 bit Opcode: 



Operands: 

0<r<31,0<b<7 



Program Counter: 

PC <- PC + 1 , Condition false - no skip 
PC «- PC + 2, Skip a one word instruction 
PC «- PC + 3, Skip a JMP or a CALL 



mi 


lllr 


rrrr 


Xbbb 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



sub 


rO, rl 


; Subtract rl from rO 


sbrs 


rO, 7 


; Skip if bit 7 in rO set 


neg 


rO 


; Only executed if bit 7 in 


nop 




; Continue (do nothing) 


(2 bytes) 







Cycles: 1 if condition is false (no skip) 

2 if condition is true (skip is executed) 



6-91 



SEC - Set Carry Flag 



Description: 

Sets the Carry flag (C) in SREG (status register). 

Operation: 

(i) C <- 1 



Syntax: 

(i) SEC 



Operands: 

None 



16 bit Opcode: 



Program Counter: 

PC <- PC + 1 



1001 


0100 


0000 


1000 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



C: 1 

Carry flag set 

Example: 

sec 

adc r0,rl 



Set carry flag 
r0=r0+rl+l 



Words: 1 (2 bytes) 
Cycles: 1 



6-92 Instruction Set 



Instruction Set 



SEH - Set Half Carry Flag 



Description: 

Sets the Half Carry (H) in SREG (status register). 

Operation: 

(i) H«-1 

Syntax: Operands: Program Counter: 

(0 SEH None PC «- PC + 1 

16 bit Opcode: 



1001 


0100 


0101 


1000 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 

: I : I i I - I : I ■ I : ' 



H: 1 

Half Carry flag set 

Example: 

seh ; Set Half Carry flag 

Words: 1 (2 bytes) 
Cycles: 1 



6-93 



SEI - Set Global Interrupt Flag 



Description: 

Sets the Global Interrupt flag (I) in SREG (status register). 

Operation: 

(i) I «- 1 

Syntax: Operands: Program Counter: 

(i) SEI None PC <- PC + 1 

16 bit Opcode: 



1001 


0100 


0111 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 


1 

















I: 1 

Global Interrupt flag set 

Example: 

cli ; Disable interrupts 

in rl3,$16 ; Read Port B 

sei ; Enable interrupts 

Words: 1 (2 bytes) 
Cycles: 1 



6-94 Instruction Set 



Instruction Set 



SEN - Set Negative Flag 



Description: 

Sets the Negative flag (N) in SREG (status register). 

Operation: 

(i) N <- 1 

Syntax: Operands: Program Counter: 

(i) SEN None PC <- PC + 1 

16 bit Opcode: 



1001 


0100 


0010 


1000 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 
I - I - 1 - I - I - I 1 I - I - 1 

N: 1 

Negative flag set 

Example: 

add r2,rl9 ; Add rl9 to r2 

sen ; Set negative flag 



Words: 1 (2 bytes) 
Cycles: 1 



jlllM L 



SER - Set all bits in Register 



Description: 

Loads $FF directly to register Rd. 



Operation: 

(i) Rd <- $FF 

Syntax: 

(i) SER Rd 

16 bit Opcode: 



Operands: 

16<d<31 



Program Counter: 

PC «- PC + 1 



- 



1110 


1111 


dddd 


1111 



Status Register (SREG) and Boolean Formulae: 
I T H S 



Example: 



Words: 1 (2 bytes) 
Cycles: 1 



V N 



clr 


rl6 


; Clear rl6 


ser 


rl7 


; Set rl7 


out 


$18,rl6 


,- Write zeros to Port B 


nop 




; Delay (do nothing) 


out 


$18,rl7 


; Write ones to Port B 



Instruction Set i 



■ 



SES - Set Signed Flag 



Instruction Set 



Description: 

Sets the Signed flag (S) in SREG (status register). 

Operation: 

(i) S <- 1 

Syntax: Operands: Program Counter: 

(i) SES None PC <- PC + 1 

16 bit Opcode: 



1001 


0100 


0100 


1000 



Status Register (SREG) and Boolean Formulae: 



I T H S V N Z C 









1 











S: 1 

Signed flag set 

Example: 

add r2,rl9 ; Add rl9 to r2 

ses ; Set negative flag 

Words: 1 (2 bytes) 
Cycles: 1 



SET - Set T Flag 



Description: 

Sets the T flag in SREG (status register). 

Operation: 

(i) T<-1 



Syntax: 

(i) SET 



Operands: 

None 



Program Counter: 

PC <- PC + 1 



16 bit Opcode: 



1001 


0100 


0110 


1000 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



T: 1 

T flag set 

Example: 



Words: 1 (2 bytes) 
Cycles: 1 



Set T flag 



6-98 Instruction Set 



hh^hhhkmmmb Instruction Set 

SEV - Set Overflow Flag 

Description: 

Sets the Overflow flag (V) in SREG (status register). 

Operation: 

(i) V <- 1 

Syntax: Operands: Program Counter: 

(i) SEV None PC <- PC + 1 

16 bit Opcode: 



1001 


0100 


0011 


1000 



Status Register (SREG) and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 










1 




- 





V: 1 

Overflow flag set 

Example: 

add r2,rl9 ; Add rl9 Co r2 

sev ; Set overflow flag 



Words: 1 (2 bytes) 
Cycles: 1 



SEZ - Set Zero Flag 



Description: 

Sets the Zero flag (Z) in SREG (status register). 

Operation: 

(i) Z<-1 



Syntax: 

(i) SEZ 



Operands: 

None 



16 bit Opcode: 



Program Counter: 

PC <- PC + 1 



1001 


0100 


0001 


1000 



Status Register (SREG) and Boolean Formulae: 
I T H S V N 



1 

Zero flag set 



Example: 



add r2,rl9 
sez 



Words: 1 (2 bytes) 
Cycles: 1 



; Add rl9 to r2 
1 Set zero flag 



6-100 Instruction Set 



Instruction Set 



SLEEP 



Description: 

This instruction sets the circuit in sleep mode defined by the MCU control register. When an interrupt wakes up the MCU 
from a sleep state, the instruction following the SLEEP instruction will be executed before the interrupt handler is executed. 

Operation: 



Syntax: Operands: Program Counter: 

SLEEP None PC «- PC + 1 

16 bit Opcode: 



1001 


0101 


100X 


1000 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 

mov r0,rll ; Copy rll to rO 

sleep ; Put MCU in sleep mode 

Words: 1 (2 bytes) 
Cycles: 1 



■ 



ST - Store Indirect From Register to SRAM using Index X 



Description: 

Stores one byte indirect from Register to SRAM. The SRAM location is pointed to by the X (16 bits) pointer register in the 
register file. Memory access is limited to the current SRAM Page of 64K bytes. To access another SRAM page the RAMPX 
register in the I/O area has to be changed. 

The X pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are especially suited for stack pointer usage of the X pointer register. 

Using the X pointer: 





Operation: 






Comment: 




(i) 


(X) <- Rr 






X: Unchanged 




(ii) 


(X) <- Rr 


X<-X+1 




X: Post incremented 




(iii) 


X«-X-1 


(X) <- Rr 




X: Pre decremented 






Syntax: 


Operands: 




Program Counter: 




(i) 


ST X, Rr 


< r < 31 




PC *- PC + 1 




(ii) 


ST X+, Rr 


< r < 31 




PC <- PC + 1 




(iii) 


ST -X, Rr 


0£r£31 




PC <- PC + 1 






16 bit Opcode: 











(i) 


1001 


OOlr 


rrrr 


1100 


(i>) 


1001 


OOlr 


rrrr 


1101 


(iii) 


1001 


OOlr 


rrrr 


1110 



Status Register (SREG) and Boolean Formulae: 

I T H S V N Z C 



Example: 



clr 


r27 


; Clear X high byte 




ldi 


r26, $20 


; Set X low byte to $20 




St 


X+, rO 


; Store rO in SRAM loc. 


$20 (X post inc) 


St 


X,rl 


; Store rl in SRAM loc. 


$21 


ldi 


r26, $23 


i Set X low byte to $23 




St 


r2,X 


; Store r2 in SRAM loc. 


$23 


St 


r3,-X 


; Store r3 in SRAM loc. 


$22 (X pre dec) 



Words: 1 (2 bytes) 
Cycles: 2 



6-102 Instruction Set 



Instruction Set 



ST (STD) - Store Indirect From Register to SRAM using Index Y 



Description: 

Stores one byte indirect with or without displacement from Register to SRAM. The SRAM location is pointed to by the Y (16 
bits) pointer register in the register file. Memory access is limited to the current SRAM Page of 64K bytes. To access 
another SRAM page the RAMPY register in the I/O area has to be changed. 

The Y pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are especially suited for stack pointer usage of the Y pointer register. 

Using the Y pointer: 





Operation: 




Comment: 




(i) 


(Y) <- Rr 




Y: Unchanged 




(ii) 


(Y) <- Rr 


Y<- Y+1 


Y: Post incremented 


■ 


(iii) 


Y <- Y - 1 


(Y) <- Rr 


Y: Pre decremented 




(iiii) 


(Y+q) <- Rr 




Y: Unchanged, q: Displacement 






Syntax: 


Operands: 


Program Counter: 




(i) 


ST Y, Rr 


0< r < 31 


PC *- PC + 1 




(ii) 


ST Y+, Rr 


0<r<31 


PC <- PC + 1 




(iii) 


ST -Y, Rr 


0<r<31 


PC <- PC + 1 




(iiii) 


STD Y+q, Rr 


0<r<31,0<q<63 


PC <- PC + 1 






16 bit Opcode : 









(■) 


1000 


OOlr 


rrrr 


1000 


(ii) 


1001 


OOlr 


rrrr 


1001 


(iii) 


1001 


OOlr 


rrrr 


1010 


(iiii) 


lOqO 


qqlr 


rrrr 


lqqq 



Status Register (SREG) and Boolean Formulae: 

ITHSVNZC 



Example: 



clr 


r2 9 


; Clear 


Y high byte 






ldi 


r28, $20 


,- Set Y 


low byte to $20 






St 


Y+,r0 


f Store 


rO in SRAM loc . 


$20 (Y 


post inc) 


St 


Y,rl 


; Store 


rl in SRAM loc. 


$21 




ldi 


r28, $23 


; Set Y 


low byte to $23 






St 


Y,r2 


; Store 


r2 in SRAM loc. 


$23 




St 


-Y, r3 


i Store 


r3 in SRAM loc. 


$22 (Y 


pre dec) 


std 


Y+2,r4 


; Store 


r4 in SRAM loc. 


$24 





Words: 1 (2 bytes) 
Cycles: 2 



ST (STD) - Store Indirect From Register to SRAM using Index Z 



Description: 

Stores one byte indirect with or without displacement from Register to SRAM. The SRAM location is pointed to by the Z (1 6 
bits) pointer register in the register file. Memory access is limited to the current SRAM Page of 64K bytes. To access 
another SRAM page the RAMPZ register in the I/O area has to be changed. 

The Z pointer register can either be left unchanged after the operation, or it can be incremented or decremented. These 
features are very suited for stack pointer usage of the Z pointer register, but because the Z pointer register can be used for 
indirect subroutine calls, indirect jumps and table lookup it is often more convenient to use the X or Y pointer as a dedicated 
stack pointer. 



Using the Z pointer: 





Operation: 




Comment: 






(i) 


(Z) ^Rr 




Z: Unchanged 






(ii) 


(Z)^Rr 


Z <— Z+1 


Z: Post incremented 






(iii) 


Z^Z-1 


(Z) <- Rr 


Z: Pre decremented 






(iiii) 


(Z+q) <- Rr 




Z: Unchanged, q: Displacement 






Syntax: 


Operands: 


Program Counter: 






(i) 


ST Z, Rr 


0<r<31 


PC «- PC + 1 






(ii) 


ST Z+, Rr 


0<r<31 


PC *- PC + 1 






(iii) 


ST -Z, Rr 


0<r<31 


PCf-PC+1 






(iiii) 


STD Z+q, Rr 


0<r<31,0<q<63 


PC <- PC + 1 








16 bit Opcode : 











(i) 


1000 


OOlr 


rrrr 


0000 


(ii) 


1001 


OOlr 


rrrr 


0001 


(iii) 


1001 


OOlr 


rrrr 


0010 


(iiii) 


lOqO 


qqlr 


rrrr 


Oqqq 



Status Register (SREG) and Boolean Formulae: 



ITHSVNZC 



Example: 



clr 


r31 


; Clear 


z high byte 




ldi 


r30, $20 


; Set Z 


low byte to $20 




St 


Z+, rO 


i Store 


rO in SRAM loc. 


$20 (Z post inc) 


St 


Z,rl 


; Store 


rl in SRAM loc. 


$21 


ldi 


r30,$23 


; Set Z 


low byte to $23 




St 


Z, r2 


j Store 


r2 in SRAM loc. 


$23 


St 


-Z,r3 


; Store 


r3 in SRAM loc. 


$22 (Z pre dec) 


std 


Z+2,r4 


; Store 


r4 in SRAM loc. 


$24 



Words: 1 (2 bytes) 
Cycles: 2 



6-104 Instruction Set 



Instruction Set 



STS - Store 



Description: 

Stores one byte from a Register to the SRAM. A 16-bit address must be supplied. Memory access is limited to the current 
SRAM Page of 64K bytes. The SDS instruction uses the RAMPZ register to access memory above 64K bytes. 



(i) 
(i) 



Operation: 

(k) <- Rr 



STS k,Rr 

32 bit Opcode: 



Operands: 

0<r<31,0<k<65535 



Program Counter: 

PC <- PC + 2 



10 01 


OOld 


dddd 


0000 


kkkk 


kkkk 


kkkk 


kkkk 



Status Register (SREG) and Boolean Formulae: 

I T H S V N 



Example: 



Words: 2 (4 bytes) 
Cycles: 3 



r2, $FF00 
r2,rl 
$FF00 , r2 



Load r2 with the contents of SRAM location $FF00 
add rl to r2 
Write back 



SUB - Subtract without Carry 



Description: 

Subtracts two registers and places the result in the destination register Rd. 



(i) 
(i) 



Operation: 

Rd <- Rd - Rr 

Syntax: 
SUB Rd.Rr 

16 bit Opcode: 



Operands: 

0<d<31,0<r<31 



Program Counter: 

PC «- PC + 1 



0001 



Status Register and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 






<=> 


«. 


<=> 


<=> 


<=> 





H: mS' Rr3 +Rr3 »R3 +R3. R33 

Set if there was a borrow from bit 3; cleared otherwise 

S: N © V, For signed tests. 

V: Rd7. R77 .R7 +R37 .Rr7» R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R5 .H5. FT?. R3 .R2« RT. RO 

Set if the result is $00; cleared otherwise. 

C: Ro7. Rr7 +Rr7 »R7 +R7. R37 

Set if the absolute value of the contents of Rr is larger than the absolute value of Rd; cleared otherwise. 

R (Result) equals Rd after the operation. 

Example: 



sub 
brne 



rl3,rl2 
noteq 



i Subtract rl2 from rl3 
; Branch if rl2or!3 



noteq: no] 

Words: 1 (2 bytes) 
Cycles: 1 



Branch destination {do nothing} 



6-106 Instruction Set 



Instruction Set 



SUBI - Subtract Immediate 



Description: 

Subtracts a register and a constant and places the result in the destination register Rd. This instruction is working on Reg- 
ister R16 to R31 and is very well suited for operations on the X, Y and Z pointers. 

Operation: 

(i) Rd «- Rd - K 

Syntax: Operands: Program Counter: 

(i) SUBIRd.K 16<d<31,0<K<255 PC <- PC + 1 

16 bit Opcode: 



0101 


KKKK 


dddd 


KKKK 



Status Register and Boolean Formulae: 



I 


T 


H 


S 


V 


N 


Z 


c 










<=> 


<=> 


<=> 





H: K3+K3 «R3 +R3 

Set if there was a borrow from bit 3; cleared otherwise 

S: N e V, For signed tests. 

V: Rd7. K7 .R7 +R37. K7 »R7 

Set if two's complement overflow resulted from the operation; cleared otherwise. 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R6 .R5. F3. R3 .R2. RT« FTO 

Set if the result is $00; cleared otherwise. 

C: Ro7. K7 +K7 .R7 +R7. Rd7 

Set if the absolute value of K is larger than the absolute value of Rd; cleared otherwise. 

R (Result) equals Rd after the operation. 
Example: 

subir22,$ll ; Subtract $11 from r22 

brnenoteq ; Branch if r22o$ll 

noteq: nop ; Branch destination (do nothing) 

Words: 1 (2 bytes) 
Cycles: 1 

4HE 



SWAP - Swap Nibbles 



Description: 

Swaps high and low nibbles in a register. 
Operation: 

(i) R(7-4) «- Rd(3-0), R(3-0) f- Rd(7-4) 



i 



(i) 



Syntax: 

SWAP Rd 

16 bit Opcode: 



Operands: 

0<d<31 



Program Counter: 

PC <- PC + 1 



■ 



1001 


OlOd 


dddd 


0010 



Status Register and Boolean Formulae: 
I T H S V 



R (Result) equals Rd after the operation. 
Example: 



inc rl 

swap rl 

inc rl 

swap rl 



j Increment rl 

I Swap high and low nibble of rl 

; Increment high nibble of rl 

; Swap back 



Words: 1 (2 bytes) 
Cycles: 1 



6-108 Instruction Set 



Instruction Set 



TST - Test for Zero or Minus 



Description: 

Tests if a register is zero or negative. Performs a logical AND between a register and itself. The register will remain 
unchanged. 

Operation: 

(i) Rd «- Rd . Rd 



Syntax: 



Operands: 



(i) 


TST Rd 


0<d<31 






16 bit Opcode: 






0010 


OOdd 


dddd 


dddd 



Program Counter: 

PC <— PC + 1 



Status Register and Boolean Formulae: 

I T H S V 



S: N © V, For signed tests. 

V: 

Cleared 

N: R7 

Set if MSB of the result is set; cleared otherwise. 

Z: R7. R5 .R5» R~?» R3 .R2. RT« FRJ 

Set if the result is $00; cleared otherwise. 

R (Result) equals Rd. 
Example: 



tst rO 
breq zero 



; Test rO 

; Branch if r0=0 



; Branch destination {do nothing) 



Words: 1 (2 bytes) 
Cycles: 1 



WDR - Watchdog Reset 



Description: 

This instruction resets the Watchdog Timer. This instruction must be executed within a limited time given by the WD pres- 
caler. See the Watchdog Timer hardware specification. 

Operation: 

(i) WD timer restart. 

Syntax: Operands: Program Counter: 

(i) WDR None PC <- PC + 1 

16 bit Opcode: 



1001 


0101 


ioix 


1000 



Status Register and Boolean Formulae: 

I T H S V N Z C 



Example: 

wdr j Reset watchdog timer 

Words: 1 (2 bytes) 
Cycles: 1 



6-110 Instruction Set 



Overview 



AT90S1200 



AT90S2313 



AT90S4414 



AT90S8515 



Instruction Set 



Development Tools 



Package Outlines 



Miscellaneous Information 



iilmEi 



viimEL 



Development Tools 



AVR Development Tools 

This section describes some of the development tools that are available for the 8-bit 
AVR family. 

• Atmel AVR Assembler 

• Atmel AVR Simulator 

• IAR ANSI C-Compiler, Assembler, Linker, Librarian & Debugger 

• Atmel In-Circuit Emulator (ICE) 

There are a lot of development tools under development, please contact Atmel for 
more details. 



8-Bit Ayr 

Development 
Tools 



7-1 



Atmel AVR Assembler 



Features: 

• Translates Assembler source programs into object code 
Extremely fast assembling 

• Supports all the microcontrollers in the AT90S family 

• Powerful Macro capabilities 
Supports all standard output formats 

• Easy to use MS-Windows interface 

• Editor included in MS-Windows version 

• Jump to next/previous error 

• Also available in MS-DOS command line version 




clr rl7 

Idi rU.64 

st y+.rl6 

dec rl6 

cpse rlb.il/ 

rj»p loop 



clr 



r30 



;Start sorting 
outer : Id rC . x 

mow r30,r28 
inc r30 



Id rl,y 
cp rl .rO 
brhs xsvap 

mov r2.rl 
»iov rl . rO 
nov r0.r2 
st y rl 



clear register 17 
start with value 64 
. store in ra» 
.decrement date 
.check if finished 



clear Y-reg low (again) 



load X-pointer to rO 
set up Y-pointer to the next 



load new Y-pomted __ 
conpare X- and Y- painted 
no swap required 




.tart sorting 
OOOOOd 9000 outer Id rO.x 

OOOOOe 3fec now r30,r28 

00000£ 91e3 inc r30 



Assembly co*plete with no 



Powerful Macro Capabilities 

The Assembler contains powerful macro capabilities, enabling the user to build a virtual instruction set which is structures 
of ordinary AVR instructions. For example, this macro does a 16 bit subtraction: 

; SUB16 macro definition 



7-2 



Development Tools ■■^m 



Development Tools 



The macro subtracts a 16 bit constant from a register 
pair. A call to the macro is done by 
SUB16 Regh, Regl , Const 



. MACRO SUB 16 
subiSl, low ($2) 
sbci $0,high($2) 

. ENDMACRO 



Macro name 
subtract low byte 
subtract high byte 



Call the macro 

ldi r!6 , low ( 0x3400 ) ; set values in registers 

ldi rl7 , low(0x3400) ; 

SUB16 rl7,rl6,0x23a0 ; compute 0x3400-0x23a0 



Assembly Directives 

The assembler supports a number of directives making the application development easier. In addition to the directives for 
macro generation and control, the assembler contains directives for: 
Including files. Included files can be nested. 

• Set program origin. 

• Symbol usage. The user can define symbols and labels and refer to these throughout the assembly program. 
Constant data initialization. The user can do constant initialization. Constants will be placed in the Flash 
program memory. 

• List file control. 

• Support of expressions in a C-like syntax. 



MS Windows Application 

The assembler executes under the Windows environment. The Windows version can be executed under Windows 3.11, 
Windows 95 and Windows NT. The Windows version includes a full editor for writing assembly programs. An MS-DOS 
command line version is also available. 
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Atmel AVR Simulator 



Features: 

• Supports the whole range of AT90S microcontrollers 

• Assembly source level simulation 

• Powerful debugging facilities 

• Full support of AVR peripheral devices 

• Easy to use MS-Windows interface 





?1 



Iota* H<* 

Run C«W3 

Iiaceulo F7 

i(ep cf.w F8 

S&ocura F4 

a ** StfL 



rroneous until proven otherwise) 



.fill the actual part of the RAM 

olr rl7 ;clear register 17 

ldi r!6.64 .start vith value 64 

loop: st y+.rl6 .store in ra» 

dec rl6 ^decrement data 

cpse rl6.rl7 ;check if finished 

rjmp loop 



clr 



r30 



Start sorting 
outer: id rO.x 

»ov r30,r28 
inc r30 

er : Id rl.y 
cp rl.rO 
brhs ssvap 



brhs inner 



clear Y-reg low (again) 



load X-pointer to rO 
set up Y-pointer to the : 



i Y-pointed element 
! X- and Y- pointed elements 
no swap required 

swap rl and rO by 
using temp register r2 



00 
00 
00 
00 



_ 



R00 


00 


RIG 





R01: 


00 


R17 


00 


ro: 


00 


RIB 


00 


R03 





R19 


00 


R04 


00 


r:o 


00 


R0S 





R21 


00 


R06 


00 


R22 


00 


R07: 


00 


K! 


00 


Roa 


00 


R24 


00 


R09 


00 


R2? 


00 


R10: 


00 


R26 





Rll 


00 


E2 7 


3F 


R12: 


00 


R2S 





R13: 


00 


R29 


01 


R14: 


00 


R30 


29 


R15. 


00 


R31 


01 



X-0100 
Y-0129 
SP-0000 
STATUS- 4 
TIKSK-00 
TCCRO-00 
TCSR0M0 
TCHT0=00 
OCR0-00 
PC-000018 
CYCLE-000881 



[(040 
0048 
05 
5 6 
6 
00 6 S 
007C 
178 
0060 
88 
9 

1 1 1 j 3 n 

OAO 

OAS 
OEi! 
J IBS 

ooco 
ooce 

DODO 
3D 8 
0JE0 
3E6 
OOF Li 
UOFiJ 
0100 
0108 
0110 



00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
00 00 
40 40 
39 38 
31 30 



00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

DO 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

00 00 

3F 3E 

37 36 

2F 2E 



00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
3D 3C 3B 3A 
35 34 33 32 
2D 2C 2B 2A 



l>load "C; 
2>go 

4>bs°0.18 



.USERWER4\TOOLSsASSEMB~l\TESTSORT . OBJ " 




Debugging Facilities 

The simulator has a number of functions to help the programmer to debug programs including: 

Breakpoints: Set up to 256 breakpoints in the source window, and program execution will halt upon reaching one of 
the breakpoints. 

Single stepping: Step through the code instruction by instruction and watch the execution. 

• Step into/Trace over: Select whether calls should be traced, or if these simulation details should be omitted. 

• Goto cursor: Place the cursor on an instruction, and the simulator will execute until the marked instruction is 
reached. 

Run from file. The user can write scripts consisting of simulator commands. 
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• Display of registers and memory. The user can view all memory spaces, all general purpose working registers and 
the registers in the I/O map. The user also has the ability to write values in these memories and registers. 

• Logging. All information, including register contents, memory contents and I/O accesses can be logged for each 
instruction. 

• The simulator holds control on the number of clock cycles elapsed. 
All commands are available through a command window and through menus. 



Together with the powerful control mechanisms present, this makes the simulator a complete debugging tool for the AVR 
family of Enhanced RISC Microcontrollers. 

MS Windows Application 

The simulator is developed for execution under the Windows environment. The Windows version can be executed under 
Windows 3.1 1 , Windows 95 and Windows NT. 





overflows and compare matches. Free running mode is also supported. 



through the ports. 




a 
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IAR Development Tools for Atmel AVR 
Features: 



Fully ANSI Compatible C Compiler 

Includes Embedded Workbench 

C and Assembler level language debugger 

Runs under DOS, Windows 3.11, Windows 95 and Windows NT 



' IAR Embedded Workbench ■ des 



Fife Y** 1^231 look fipta* tfhdov. H* 



3 vlv.i^lBl eb|*M£| al^jajml 




Embedded Workbench 

The Embedded Workbench offers a total integration of C compiler, editor, linker, librarian, assembler, editor and debugger 
in a seamless environment. The Embedded Workbench includes the following features: 

• Flexible editor. The editor offers flexibility in terms of customizable toolbar and user defined shortcuts. The editor 
implements the basic Windows editing commands as well as extensions for C programming, such as C syntax 
coloring and direct jump to context from error listing. 

• The hierarchical project maintenance facility makes it possible to have several targets, such as a release target and 
a debug target with different option settings. Each target is built from one or several groups which in turn are built 
from one or several files. Compiler options can be set on each level. 
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• The Make system automatically generates a dependency list of output files, source files and include files. This 
allows the Make system to only compile, recompile or reassemble the updated parts of the source code, which 
speeds up the building process. 

• Extensive on-line help function makes it easy to quickly find specific help about the tool without leaving the 
Embedded Workbench. 

• The compiler is also available under MS-DOS in a mouse controlled menu driven user interface, allowing all 
development steps to be performed in an integrated DOS environment. 

C Compiler 

The C Compiler is an optimizing ANSI C compatible C compiler. The C compiler is the core product in the Embedded Work- 
bench. All data types required by ANSI are supported. Full ANSI C compatibility also means that the compiler conforms to 
all requirements placed by ANSI on run-time behavior. The C Compiler includes the following features: 

Fully compatible with the ANSI C standard 
Fully reentrant code 

Absolute read/write of I/O locations at C level 
Built-in AT90S specific Optimizer 
AT90S specific extensions 
Full floating point support 

Four different memory models to allow best fit selection 

Assembler 

The C compiler kit comes with a relocatable structured assembler. This provides the option of coding time critical sections 
of the application in assembly without loosing the advantages of the C language. The preprocessor of the C language is 
incorporated in the assembler, thus allowing use of the full ANSI C macro language, with conditional assembly, macro def- 
initions, if statements and more. C include files can also be used in an assembly program. All modules written in assembly 
can easily be accessed from C and vice-versa, making the interface between C and assembly a straightforward process. 

Linker 

The linker XLINK supports complete linking, relocation and format generation to produce AT90S code. Over 30 output for- 
mats are supported. Detailed cross reference and map listing with segments, symbol information, variable locations and 



Librarian 

The librarian XLIB creates and maintains libraries and library modules. Listings of modules, entry points and symbolic infor- 
mation contained in every library are easily generated. XLIB can also give the library attribute for conditional loading or the 
program attribute for unconditional loading. 

C-SPY High Level Language Debugger and Simulator 

The C-SPY high level language debugger/simulator combines the detailed control code execution needed for embedded 
development debugging with the flexibility and power of the C language. The source window can display C source and mix 
it with assembly source. No extra hardware is needed since instruction execution is simulated. 



CSPY-demovl.d90 



File Edit yiew Execute Control Options Window Help 



153 



g| I I 1 g|n|Ea|a| %\e\m\ t|||s| J sla^te 



^include "stdio.h" 
tfinclude "defns.h" 
void derno_tuo lint il ; 



int maindnt i) 



1; i < TWOPOWER; 




Register 




Rll R12 R13 RM R15 R16 R17 

| oo foo - [do - foo" foo~ [od - [oo - 

R19 R20 R21 R22 R23 R24 R25 

[20 - [oo - [oo - [oo - [oo - [oo - [oo - 

R27 R28 R29 R30 R31 

[05~ [b0~ [05~ fiST [05~ 



R26 



Report 



Input file: "C:\demo\demovl.d90" 
Stop at -demo\13 (main} 



'3 I 



Mb 



Expres:iCT-- 



' 8192 ' d^Vf.gk*al t ig™d m lcge. 



Memory 



8 16[32| |C0DE 



| | 1330 



0x00001330 20 EO 12 07 fic F4 EA E8 

0x00001340 33 IF EA E8 F5 E0 20 83 

0x00001350 EA E8 F5 E0 00 81 11 81 

DxOO0O13 6O 1A 93 OA 93 06 E3 10 E9 

3x00001370 10 EO 01 DO 08 95 9A 93 



F5 EO 20 81 31 81 22 OF 

31 83 OF 5F IF 4F Er CF 

1A 93 OA 93 OD EO 10 EO 

BC DF CC 5F DF 4F 03 EO 

8A 93 80 E8 95 EO 80 OF 



08/07/86 13:33:04 



C-SPY includes the following features: 



• Powerful breakpoint setting. C-SPY has an unlimited number of breakpoints. Breakpoints can be set on C 
statements, assembler instructions, and on any address with access type of read, write and opcode fetch. It may 
also be set as a combination of these. After triggering a breakpoint, a macro command can be executed. 

• C-like macro language. A powerful C-like macro language can tailor the environment used for debugging in the C- 
SPY, including system macros for host file I/O simulation, reset, start up and shut down, as well as statements such 
as for loops, while loops, if and return statements. 

• Interrupt simulation implements commands to launch specific interrupts at a specific cycle count or periodically. 

• I/O simulation. C-SPY terminal I/O emulation offers a console window for target system I/O. This unique feature is 
useful for debugging embedded applications when logical flows are of interest or the target is not yet ready. 

• The watch points window makes it possible to watch any expression. The window itself will be updated whenever a 
breakpoint is gritted or a step is finished. Any variable can be modified during the execution by using specific C 
expressions. 

• The source window for the assembler debugger displays the assembler instructions. It has a built-in assembler and 
disassembler function, menu and register window, and can evaluate assembler expressions. 
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Atmel i4W?ln-Circuit Emulator 
Features: 

Supports the whole range of AT90S microcontrollers 
Full visibility of all MCU resources 

• Powerful breakpoint facilities 

• Extensive execution control 

• 32K x 96 bit wide Trace Buffer for real-time data collection 

• 32-bit Time Stamp generator 

• 8-Bit Event memory for event generation 

• Supports 3 download modes 

• Real time emulation 

• Software adjustable clock speed 

Supports assembler and C source level debugging 

• Supports all on-chip peripherals 

• Serial- and parallel port interfacing 
Includes simple programmer 

Integrated with other AVR development tools 

Full visibility 

Using the emulator, the status of all resources can be monitored, and most of them can also be modified: 

• The register file (R/W) 

• SRAM (R/W) 
Program memory (R/W) 

• EEPROM (R/W) 

• Program Counter (R/W) 

• I/O locations (R/W) 

Powerful breakpoint facilities 

The emulator incorporates powerful breakpoint facilities including: 

• SRAM address breakpoint: Break when a specified address in the SRAM is read or written. 
SRAM data breakpoint: Break when a specified value is written to or read from SRAM. 
SRAM address and data breakpoint: An SRAM address breakpoint can be combined with an 
SRAM data breakpoint. 

Program memory address breakpoint: Break when a specified program memory address is accessed. 

• Program memory data breakpoint: Break when a specified value is read from the program memory. 
Register match breakpoint: Break when a specified value is read/written from/to one of the 32 registers. 
External trigger breakpoint: Break when an external signal is rising or falling. 



Extensive execution control 

The emulator features extensive execution control: 

• Single step execution: The emulator executes one instruction and then stops. 

• Multiple step execution: The emulator executes a specified number of instructions and then stops. 

• Software controlled Trace into/Step over. 

• Start/Resume/Stop execution. 

• Reset emulator. 

Miscellaneous 

• 5 trigger outputs are provided for connection to a DSO or a Logic Analyzer. 

• Serial- and parallel port interface. The emulator can be connected to the PC through a standard serial- or 
parallel port. 

• Simple programmer. A device present in the socket can be programmed from the PC or from the emulators 
program memory. 

• In-circuit programming capabilities. 

• Supports a wide range of download file formats like Intel Hex and Motorola S-Records. 

• Fast download time. 
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Technical Specifications 
System Unit 

Physical Dimensions (H x W x D) 32.4 x 277.1 x 218.6 mm / 1 .3 x 10.8 x 8.5 in 

Weight 400g /0.88 ibs 

Power Voltage Requirements 9-15 VDC 

Power Consumption < 20W 

ICE Power Consumption 10W 

Max. Application Power Consumption 5W 

Ambient Temperature -40 - +85°C (Operating) 

-55 - +85°C (Non-Operating) 

Relative Humidity (Non-condensing) 10-90% (Operating) 

5 - 95 % (Non-Operating) 

Shock 20 g, 11ms half sine 

Vibration 5g 

Connections 
Power 

Connector 5.5 mm OD/2.1mm ID Center Negative 

Host 

Serial Connector (RS-232) 9-pin D-SUB Female 

Serial Communications Speed 9600 - 1 15,200 bits/s 

Parallel Connector (LPT) 25-pin D-SUB Male 

Parallel Communications Speed (Max) 80 kbyte/s 

Pod 

Emulating < 40 pins one 2 x 32 Male Header 

External Trigger Inputs / Outputs 

Connector 2x7 Male Header 

Logic Analyzer Interface 

Connectors two 2 x 10 Male Headers 

AVR Programmer Module Interface 

Connector 2x5 Male Header 



Atmel AVR Studio 



Features: 

• Supports the full range of AT90S microcontrollers 

• Enables source level debugging of C and Assembly source code 

• Allows for Assembly level debugging of C source code 

• Interfaces the AVR In-Circuit Emulator for Real Time execution 

• Built-in AVR instruction set Simulator allowing for debugging when no Emulator connected 

• Watch for viewing and modifying symbols such as plain variables, structures and unions 
Full visibility of all MCU memories: Register file, SRAM, Program memory and EEPROM 

• Exploits all features of the AVR In-Circuit Emulator 

• Powerful breakpoint facilities 

• Extensive execution control 

• Supports lAR's ICCA90 C Compiler, lAR's AA90 Assembler and Atmel's AVR Assembler 



AVR Studio - des des\des 



| B«x*P°r*» Watch flpbont Vww Wjndow Hob 




void des(byte 'plaintext, byte "key, byte *ciphertext, int 



int ii,i,j,k; 

byte a[8], o[8], x[8J, y[8] ; 



(a.plamtexc, 8) ; 
transposed, initial_tr, 8);/* initial transposition 
memcpy (y,key, 8); 
transposed, Jcey_trl, 7); /* mix up key and reduce to 
for ll * Q; ^^^^gJ— 

rotate (y) ; 
memcpy (kns[i], y, 8) ; 
transpose (kns[i], key_tr2, 6); 



for (i-0; i<16; i++) 



if (mode) li = 15- i; else n 
memcpy £b, a, 8J ; 




oos\mainWp(0] 
des\mam\ouip[1] 
de;VmairAoutp[2] 
des\main\outp[3] 
d«\main\ou(p(4] 
<jei\mair;\oulp(5] 
desWanVwiplS] 
des\main\outp[7) 
des\main\outp 




27 07 2F OF 37 17 3F IF 26 06 2E 0E 36 16 3E IE 
25 05 2D 0D 35 15 3D ID 24 04 2C 0C 34 14 3C 1C 
23 03 2B 0B 33 13 3B IB 22 02 2A OA 32 12 3A 1A 
21 01 29 09 31 11 39 19 20 00 28 06 30 10 36 18 
20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 
30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 
J 



% pr rrr^rrrr 
dor jo*i2 rrr\?rr&r 



, 7 6 5 4 3 2 1 

Pat rvrrrrrr 
fy, [oxoo rrrrrrrr 
ddr fo^T" rrprrrrw 



= 0x00 R7 - 0x00 R14 

= 0x00 R8 " 0x00 R15 

= 0x83 R9 = 0x00 R16 

= 0x00 RIO - 0x00 R17 

= 0x00 Rll = 0x00 R18 

= 0x00 R12 - 0x00 R19 

■ 0x00 R13 « 0x00 R20 



0x00 R21 

0x00 R22 

0x07 R23 

0x00 R24 

0x36 R25 

0x00 R26 

0x07 R27 



ff-ieifxi 



0x00 R28 » OxDE 
OxlA R29 - 0x04 
OxFF R30 - OxFO 
0x00 R31 - OxFF 
0x00 
0x01 
0x00 



F^gramCa**« |0*0000026E 
Slack Porta |0*Q0OOQ11C 
Cytte Courier 1 0001 7594 



r^rjet pjnto cursor 
target sacerto 
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2 


AT90S2313 




AT90S4414 




AT90S8515 
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Packages 



Table of Contents 

Each Atmel data sheet includes an Ordering Information Section which specifies the 
package types available. This section provides size specifications and outlines for all 
package types. (1) 

Package Description See Page 

44A 44 Lead, Thin (1.0 mm) Plastic Gull Wing Quad Fiat Package (TQFP) 8-4 

40D6 40 Lead, 0.600" Wide, Non-Windowed, 

Ceramic Dual Inline Package (Cerdip) 8-4 

44J 44 Lead, Plastic J-Leaded Chip Carrier 8-4 

44L 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier 8-4 

40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 8-5 

20P3 20 Lead, 0.300" Wide, Plastic Dual Inline Package 8-5 

44Q 44 Lead, Plastic Gull Wing Quad Flat Package 8-5 

20S 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 8-5 

20Y 20 Lead, 5.3 mm Wide, Plastic Shrink Small Outline (SSOP) 8-6 



Note: 1 . Dimensions shown do not include lead plating or mold flash. 



Standard 

Package 

Outlines 



iimiEt 
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44A, 44 Lead, Thin (1.0 mm) 

Plastic Gull Wing Quad Flat Package (TQFP) 

Dimensions in Millimeters and (Inches) 



PIN1 ID- 



0.80(0.031) BSC 



n 



12.25(0.482) 



11.75(0.462) 



SQ 



0.40(0.016) 
0.30(0.012) 



0.17(.0Q7) 
0.13(.0035) 



10.10(0.398) 



9.90(0.389)' 



- 1 .20(0.047) MAX 



mnnmBm j 

I I 0.75(0.029) 0.10(0.004) J I 
0.50(0.020) 0."' 



40D6, 40 Lead, 0.600" Wide, Non-Windowed, 
Ceramic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 

MIL-STD-1835 D-5 CONFIG A 



2.09(53.1) 




.110(2.79) 



■015(.3B1) //' — 
.008(.203) 



.065(1.65) 
.045(1.14) 

.620(15.7) i 
" .590(1 5.0f"1 



.060(1.52) 

X- .015(.361) 
■023(.584) 
.014(.356) 



2- REF 
15 



.700(17.8) MAX 



44J, 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 
Dimensions in Inches and (Millimeters) 

JEDEC STANDARD MS-018 AC 



44L, 44 Lead, Non-Windowed, 
Ceramic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 

MIL-STD-1835 C-5 



.045(1.14) X 45 

i 



PIN NO. 1 
IDENTIFY 



.045(1.14) X 30" -45' 



3 

■032{.813) J i 
.026(.66O) 



HUfcNI 

n n n i|n n n 



1.656(16.7),. 



.050(1 .27) TYP 




3.650(16.5) 



.695(17.7) 



.685(17.4)' 



500(12.7) REF SQ 




■012(,305) 
.008(203) 



> ♦ -J 

□ — l .630(16.0) 

□ r .590(15.0) 
.021 (.533) 



;.013(.330) 




.10812.74) 
~ .085(2.16) 



.043(1.09) 
.020(.5O8) 
_ .120(3.05) 
* .090(2.29) 
.180(4.57) 



PIN 1 

■055(1.40) 
>(2.41) .045(1.14) 



.165(4.19) 



.020(0.51) X 45" MAX (3X) 



I 

_L 
t 



.500(12.7) REF 

•Ceramic lid standard unless specified 



hi 



J u 

.080(2.03 ) 
.059(1.50) 

INDEX CORNER 



025(635) 
.0151381) 
■0'2(-305) 



040(1.02) X45 - (3X) 



!.16) 
.065(1.65) 
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40P6, 40 Lead, 0.600" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 

JEDEC STANDARD MS-011 AC 

2.07(62.6) 



2.04(51.8) PIN 
1 

n n , , n n n n n n , , n n 



c 



U U U U U U 1 
\- 1 .900(48.26) REF 



.566(14.4) 
.530(13.5) 



090(2.29) 
MAX 




20P3, 20 Lead, 0.300" Wide, 
Plastic Dual Inline Package (PDIP) 
Dimensions in Inches and (Millimeters) 

JEDEC STANDARD MS-01 1 AD 



1 .060(26.9) 
.980(24.9) 



n n , ,n n n 



TTXr LI U LI TTTT 

.900(22.86) REF -T] 



■280(7.11) 
.240(6.10) 



.210(5.33) 
MAX 



SEATING 
PLANE 



w 



.150(3.81) 
.115(2.92) 

.110(2.79) 
.090(2.29) 



■014(.356) 
.008(.203) 



U— .090(2.29) 
MAX 

I— -005(.127) 
MIN 



Li 

t .015(.381 ) MIN 
■0221.559) 
H *l ~" Hh "'~ .014(.356) 
[ .070(1.78) 
.045(1.13) 




.430(10.92) MAX 



44Q, 44 Lead, 

Plastic Gull Wing QuadFlat Package (PQFP) 
Dimensions in Inches and (Millimeters) 



PIN 1 ID 



13.45(0.52 5) . 
r 12.95(0.506) u 



0.80(0.031) BSC 



n 



20S, 20 Lead, 0.300" Wide, 

Plastic Gull Wing Small Outline (SOIC) 

Dimensions in Inches and (Millimeters) 



.020(.508) 



0.40(0.016) 
0.30(0.012) 




299(7-60) -420(10.7) 
291(7.39) .393(9.98) 



u u vx u u_ 

jj [. .050(1.27) BSC 



10.10(0.394) 
9.90(0.386) 



SQ 



.513(13.0) 
.497(12.6) 






i 



.105(2.67) 



0.17(0.007) _ 7 
0.13(0.005) 




0.65(0.025) 



2.45(0.096) MAX 



0.25(0.010) MIN 



4- 



JK 



.035(0.889) 
£ REF .015(.381) 



— . .013(330) 
009(.229) 



20Y, 20 Lead, 5.3 mm Wide, 
Plastic Shrink Small Outline (SSOP) 
Dimensions in Millimeters and (Inches) 



PIN 1 ID 




0.65(.0256) BSC 



7^J3(.289) _ 



7.07(.278) 



.105(2.67) 



\ 0.951.037) J| f 

fi REF 0.63(.025) *1 



.20(.q 
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EPROMs 



Battery-Voltage™ (2.7V to 3.6V) 






AT27BV256 


32Kx8 


70-150 ns 


256K bit, 2.7-Voll 10 3.6- Volt 


AT27BV512 


64Kx8 


90-150 ns 


512K bit, 2.7-Volt to 3.6-Voll 


AT27BV010 


128KX8 


120-150 ns 


1M bit, 2.7-Voll 10 3.6-Volt EPROM 


AT27BV1024 


54KX16 


120-150 ns 


1Mbit. 2.7-Volt to 3.6-Volt 


AT27BV020 


256K x 8 


120-150 ns 


2M bit, 2.7-Volt to 3.6-Volt EPROM 


AT27BV040 


512Kx8 


150 ns 


4M bit, 2.7-Volt to 3.6-Volt EPROM 


AT27BV4096 


256KX16 


150 ns 


4M bit. 2.7-Volt to 3.6-Volt 


Low Voltage (3.0 to 3.6V) 


AT27LV256A 


32Kx8 


70-150 ns 


256K bit, 3- Volt EPROM 


AT27LV512A 


64KX8 


90-150 ns 


51 2K bit, 3-Volt EPROM 


AT27LV010A 


128Kx8 


90-150 ns 


1Mbit, 3- Volt EPROM 


AT27LV020A 


256K x 8 


120-150 ns 


2M bit, 3- Volt EPROM 


AT27LV040A 


512KX8 


150 ns 


4M bit, 3- Volt EPROM 


Standard Voltage (5V) 


AT27C256R 


32KX8 


45-150 ns 


256K, 5-Volt EPROM 


AT27C512R 


64KX8 


45-150 ns 


512K, 5-Volt EPROM 


AT27C516 


32KX16 


45- 150 ns 


51 2K. 5-Volt EPROM 


AT27C010.L 


128K X 8 


45-150 ns 


1M bit. 5-Volt EPROM Standard & Low Power 


AT27C1024 


64KX16 


45-150 ns 


1M bit, 5-Volt EPROM 


AT27C020 


256K x 8 


70-150 ns 


2M bit. 5-Volt EPROM 


AT27C2048 


128KX16 


70-150 ns 


2M bit, 5-Volt EPROM 


AT27C040 


512Kx8 


80-150 ns 


4M bit. 5-Volt EPROM 


AT27C4096 


256KX16 


85-150 ns 


4M bit. 5-Volt EPROM 


AT27C080 


1024K X 8 


100-150 ns 


8M bit. 5-Volt EPROM 



DataFlash™ (Serial-Interface Flash) 



Part Number 


Descr 


ption 




AT45D021 


ZM bit 


5-Volt Read and 5-Volt Write Serial-Interface Flash 


AT45DB021 


2M bit 


2.7-Volt Read and 2.7-Volt Write Ser 


ai-lnterlace Flash 


AT45D041 


4M bit 


5-Volt Read and 5-Volt Write Serial-I 


tterface Flash 


AT45DB041 


4M bit 


2.7-Volt Read and 2.7-Volt Write Ser 


al-lnterface Flash 


AT45D081 


8M bit 


5-Volt Read and 5-Volt Write Serial-Interface Flash 


AT45DB081 


8M bit 


2.7-Volt Read and 2.7-Volt Write Serial-Interface Flash 



Flash Memory Cards 



Part Number 


Organization 


Vcc 


Description 


AT5FC001 


1 M byte 


5-Volt 


PCMCIA Compatible Flash Memory Card 


AT5FC002 


2M byte 


5-Volt 


PCMCIA Compatible Flash Memory Card 


AT5FC004 


4M byte 


5-Volt 


PCMCIA Compatible Flash Memory Card 


AT5FC008 


8M byte 


5-Volt 


PCMCIA Compatible Flash Memory Card 
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Flash Memories 



Part Number 


Organization 




Speeds 


Description 








Battery- Voltage" (2.7V 


3.6V) 














AT29BV010A 


128K.X8 




200-350 ns 


1M bit. 2.7-Volt Read and 2.7-Volt Write. Sectored Flash 








AT29BV020 


256Kx8 




250-350 ns 


2M bit, 2.7-Voll Read and 2.7-Volt Write. Sectored Flash 








AT29BV040A 


512Kx8 




250-350 ns 


4M bil, 2.7-Volt Read and 2.7-Vott Write, Sectored Flash 








AT49BV010 


128KX8 




150-250 ns 


1M bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 








AT49BV020 


256K X 8 




200-250 ns 


2M bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 








AT49BV2048 


128KX16 




150-250 ns 


2M bit. 2.7-Voll Read and 2.7-Volt Byte-Write Flash 








AT49BV040 


512Kx8 




200-250 ns 


4M bit, 2.7-Voll Read and 2.7-Volt Byte-Write Flash 








AT49BV4096 


2S6KX16 




150-250 ns 


4M bit, 2.7-Volt Read and 2.7-Voll Byte-Write Flash 








AT49BV080 


1Mx8 




150-250 ns 


8M bil. 2.7-Volt Read and 2.7-Volt Byte-Write Flash 








AT49BV8192 


S12KX16 




120-250 ns 


8M bil. 2.7-Volt Read and 2.7-Volt Byte- Write Flash 








Lo» Voltage (3V to 3.6V) 


AT29LV256 


32KX8 




150-250 ns 


256K. 3-Voll Read and 3- Volt Write. Sectored Flash 








AT29LV512 


64KX8 




150-250 ns 


512K, 3-Volt Read and 3-Voll Write. Sectored Flash 








AT29LV010A 


128KX8 




150-250 ns 


1M bil. 3-Volt Read and 3-Volt Write, Sectored Flash 








AT29LV1024 


64KX16 




150-250 ns 


1M bit, 3-Volt Read and 3-Volt Write, Sectored Flash 








AT29LV020 


256K X 8 




200-250 ns 


2M bit, 3-Volt Read and 3-Volt Write. Sectored Flash 








AT29LV040A 


512Kx8 




200-250 ns 


4M bit. 3-Voll Read and 3-Voll Write. Sectored Flash 








AT49LV010 


128K X 8 




150-250 ns 


1 M bit. 3-Volt Read and 3-Volt Byte-Write Flash 








AT49LV020 


256Kx8 




150-250 ns 


2M bit. 3-Vo« Read and 3-Volt Byte-Write Flash 








AT49LV2048 


128K x 16 




120-250 ns 


2M bit. 3-Volt Read and 3-Volt Byte-Write Flash 








AT49LV04O 


512KX8 




200-250 ns 


4M bit. 3-Volt Read and 3-Volt Byte-Write Flash 








AT49LV4096 


256KX16 




1 20-250 ns 


4M bil. 3-Voll Read and 3-Volt Byte-Write Flash 








AT49LV8192 


512KX16 




120-250 ns 


8M bit, 3-Voll Read and 3-Volt Byle-Write Flash 








Standard Voltage (5V) 


AT29C256 


32KX8 




70-250 ns 


256K, 5-Voll Read and 5-Volt Write, Sectored Flash 








AT29C257 


32KX8 




70-250 ns 


256K. 5-Volt Read and 5-Voll Wrile. Sectored Flash 








AT29C512 


64KX8 




70-200 ns 


512K. 5-Volt Read and 5-Vctt Wrile. Sectored Flash 








AT29C1024 


64Kx16 




70-200 ns 


1M bit. 5-Volt Read and 5-Voll Write. Sectored Flash 








AT29C010A 


128Kx8 




70-200 ns 


1M bit. 5-Volt Read and 5-Volt Write. Sectored Flash 








AT29C020 


256K X 8 




90-200 ns 


2M bit. 5-Volt Read and 5-Voll Write, Sectored Flash 








AT29C040A 


512KX8 




120-250 ns 


4M bit. 5-Voll Read and 5-Volt Wrile. Sectored Flash 








AT49F010 


128KX8 




70-120 ns 


1 M bit, 5-Voll Read and 5-Volt Byle-Wrile Flash 








AT49F1025 


64KX16 




70-120 ns 


1Mbit. 5-Voll Read and 5-Volt Byle-Write Flash 








AT49F020 


256K X 8 




90-150 ns 


2M bit, 5-Voll Read and 5-Volt Byte-Write Flash 








~ 




70-120 ns 


2M bit, 5-Voll Read and 5-Volt Byte-Write Flash 










512KX8 




90-150 ns 


4U bit, 5-Volt Read and 5-Volt Byle-Wrile Flash 








AT49F4096 


256KX16 




90-120 ns 


4M bit, 5-Volt Read and 5-Volt Byte-Write Flash 








AT49F080 


IMxB 




90-150 ns 


8M bit, 5-Voll Read and 5-Voll Byte-Wrile Flash 








AT49F8192 


512KX16 




90-120 ns 


8M bil, 5-Voit Read and 5-Voll Byle-Wrile Flash 
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FPGA Serial Configuration E 2 PROM 



Part Number 


Memory Size 


Descri 




AT17C65 

AT17C128 

AT17C256 


65,536 x 1 
131,072 X 1 
262.144 X 1 


65K FPGA Configuration E 2 PROM 
12BK FPGA Configuration E 2 PROM 
256K FPGA Configuration E 2 PROM 


Low Voltage 


AT17LV65 
AT17LV128 
AT17LV256 


65,536 x 1 
131,072 X 1 
262,144 x 1 


65K FPGA Configuration E 2 PROM, 3.3-Volt 
128K FPGA Configuration E 2 PROM. 3.3-Volt 
256K FPGA Configuration E 2 PROM, 3.3-Volt 


Gate Arrays/Emb 


edded Arrays 


Device Name 


Gates Descripti 


on 


ATL35 Series 
ATL50 Series 

ATLS60 Series 

ATL60 Series 
ATLV Series 


0K-2500K 
4K-1120K 

12.5K-150K 

4K-1120K 
2K-35K 


0.35-Micron CMOS Gate Array/Embedded Array, 1.0- Volt to 3.3-Volt Operation, 16 Versions with Various Pin & Gate Count, Memory, Megacells 

0.5-Micron CMOS Gate Array/Embedded Array, 2.0-Volt S 3.3-Volt Mixed Voltage Operation, 16 Versions with Various Pin & Gate Counts, Mem- 
ory, Megacells 

0.6-Micron CMOS Gate Array /Em bedded Array, 3.3-Volt & 5.0- Volt Operation, Staggered Row Bond Pads, 8 Versions with Various Pin & Gate 
Counts, Memory, Megacells 

0.6-Micron CMOS Gate Array /Em bedded Array, 3.3-Volt & 5.0-Volt Operation, 16 Versions with Various Pin & Gate Counts, Memory, Megacells 

1.0-Micron CMOS Gate Array/Embedded Array, 1.0-Volt & 3.3-Volt Operation, 8 Underlayers with Various Pin & Gate Counts, Memory, Mega- 
cells 


Cell-Based ICs 


Part Number 


Description 




ECPD07 

AT55K 

AT56K 

AT57K 

AT19.6K 

AT19.7K 

AT19.9K 

AT55.7K 

AT35K 

AT33K 

Macrocells 


0.8-Micron CMOS Cell-Based IC Family, 5.0-Voit Operation. Digital, Analog, Memory, Megacells 

0.5-Micron CMOS Cell-Based IC Family, 3.3-Volt Operation, Digital, Analog, Memory, Megacells 

0.35-Micron CMOS Cell-Based IC Family, 3.3-Vott Operation, Digital, Analog, Memory, Megacells 

0.25-Micron CMOS Cell-Based IC Family, 3.3-Volt Operation, Digital, Analog, Memory, Megacells 

0.8-Micron E 2 PROM with Logic IC Family, 5.0- Volt Operation 

0-7-Micron CMOS with Embedded E 2 PROM IC Family, 5.0- Volt Operation 

0.6-Micron E 2 PROM with Logic IC Family. 5.0- Volt Operation 

0.5-Micron CMOS with Embedded E 2 PROM IC Family, 3.3-Volt Operation 

0.4-Micron E 2 PROM with Logic IC Family, 3.3-Volt Operation 

0.4-Micron Flash with Logic IC Family, 3.3-Volt Operation 

ARM7, ARM7T, SPARC, AVR, OAK DSP, Ethernet MAC, AT8051, AT8237, AT8251. AT8254, AT8255, ATS259, AT82530, AT14818, AT16450, RAM, ROM, Flash, E 2 PROM, 
PCI, SPI, PCMCIA, USB, Codec, A/D, D/A, OpAmp, Comp, OSC 



Fast Logic 



Part Number 


Packages 


Speeds 


Description 


AT16244F 
AT16244G 




2.5 ns 


16-Bit Buffer/Line Driver 




2.0 ns 


16-Bit Buffer/Line Driver 


AT16245F 


48-Pin TSSOP / SSOP 


2.5 ns 


16-Bit Bi-Directional Transceiver 


AT16245G 


48-Pin TSSOP/SSOP 


2.0 ns 


16-Bit Bi-Directional Transceiver 


AT16373F 


48-Pin TSSOP /SSOP 


2.5 ns 


16-Bit Transparent Latch 


AT16373G 


48-Pin TSSOP / SSOP 


2.0 ns 


16-Bit Transparent Latch 


AT16646F 


56-Pin TSSOP / SSOP 


2.5 ns 


16-Bit Tri-State Register 


AT16646G 


56-Pin TSSOP / SSOP 


2.0 ns 


16-Bit Tri-State Register 
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Programmable Logic Devices 






Flash-Based 








ATF16V8B 


20-Pin 


7.5-25 ns 


8 FFs, 8 I/O Pins. Standard Power 


ATF16V8BQ/BQL 


20-Pin 


10-25 ns 


8 FFs. 8 I/O Pins. Quarter Power. Low Power 


ATF16V8C 


20-Pin 


5-7.5 ns 


8 FFs. 8 I/O Pins, Standard Power 


ATF16V8CZ 


20-Pin 


12-15 ns 


8 FFs, 8 I/O Pins, Zero Power 


ATF20VBB 


24. 28-Pin 


7.5-25 ns 


8 FFs, 8 I/O Pins. Standard Power 


ATF20V88Q/BQL 


24. 28-Pin 


10-25 ns 


8 FFs, 8 I/O Pins. Quarter Power, Low Power 


ATF20V8C 


24, 28-Pin 


5-7 ns 


8 FFs, 8 I/O Pins, Standard Power 


ATF20V8CZ 


24. 28-Pin 


12-15 ns 


8 FFs, 8 I/O Pins, Zero Power 


ATF22V10B 


24, 28-Pin 


7.5-25 ns 


10 FFs. 10 I/O Pins. Standard Power 


ATF22V10BQ/BQL 


24. 28-Pin 


15-25 ns 


10 FFs. 10 I/O Pins, Quarter Power, Low Power 


ATF22V10C 


24, 28-Pin 


5-10 ns 


10 FFs, 10 I/O Pins, Standard Power 


ATF22V10CZ 


24. 28-Pin 


12-15 ns 


10 FFs, 10 I/O Pins, Zero Power 


ATFV750C/CL 


24, 28-Pin 


7.5-25 ns 


20 FFs, 10 I/O Pins. Standard S Low Power 


ATF1500/L 


44-Pin 


7.5-25 ns 


32 Macrocell, Standard & Low Power 


ATF150OA/AL 


44-Pin 


7.5-25 ns 


32 Macrocell, Standard & Low Power 


ATF1508/L 


68,84. 100, 160-Pin 


7.5-25 ns 


1 28 Macrocell, Standard & Low Power 


Low Voltage 


ATF16LV8C 


20-Pin 


10-15 ns 


8 FFs, 8 I/O Pins, Low Voltage 


ATF16LV8CZ 


20-Pin 


15-25 ns 


8 FFs, 8 I/O Pins, Low Voltage, Zero Power 


AT22LV10/L 


24. 28-Pin 


20-30 ns 


10 FFs. 10 I/O Pins. Standard & Low Power 


ATF15O0ABV/ABVL 


44-Pin 


12-25 ns 


32 FFs. 32 I/O Pins. Standard 8, Low Power 


ATF22LV 1 


24, 28-Pin 


10-15 ns 


10 FFs. 10 I/O Pins, Low Voltage 


ATF22LV10CZ 


24. 28-Pin 


15-25 ns 


10 FFs. 10 I/O Pins. Low Voltage. Zero Power 


5- Volt EPROM-Based 


AT22V10/L - 


24, 28-Pin 


15-25 ns 


10 FFs, 10 I/O Pins, Standard & Low Power 


ATV750/L 


24, 28-Pin 


20-25 ns 


20 FFs. 10 I/O Pins, Standard S, Low Power 


ATV7S0B/BL 


24. 28-Pin 


7.5-25 ns 


20 FFs, 10 I/O Pins. Standard & Low Power 


ATV25O0H/L 


40. 44-Pin 


25-35 ns 


48 FFs. 24 I/O Pins. Standard & Low Power 


ATV2500B/BL 


44-Pin 


12-20 ns 


48 FFs. 24 I/O Pins, Standard & Low Power 


ATV2500BQ/BQL 


40, 44-Pin 


20-25 ns 


48 FFs, 24 I/O Pins. Quarter Power, Low Power 



■In last-time buy mode, replace with ATF22V 1 0B/BQ/BQL 



Programmable Logic Device Design Software 



Part Number 


Descr 


ption 


ATDS1000PC 


Atmel 


-CUPL 


ATDS1100PC 


Atmel 


Synario Entry (Includes ABEL. Schematic Entry, Simulation) 


ATDS1120PC 


Atmel 


Synario Verilog Simulation 


ATDS1 130PC 


Atmel 


Synario VHDL Synthesis 
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Parallel E 2 PROMs 



Part Number 


Organization 


Speeds 


Description 


High Speed 


AT2BHC64B 


8KX8 


55-120 ns 


64K E 2 PROM with 64-Byte Page & Software Data Protection 


AT28HC256 


32Kx8 


70-120 ns 


256K E 2 PROM with 64-Byte Page & Software Data Protection 


AT28HC256E 


32KX8 


70-120 ns 


256K E 2 PROM with Extended Endurance Standard & Low Power 


Battery-Voltage" (2.7V to 3.6V) 


AT28BV16 


2Kx8 


250-300 ns 


16K E 3 PROM, 2.7-Volt 


AT28BV64 


8Kx8 


300 ns 


64K E 2 PROM, 2.7-Volt 


AT28BV64B 


8Kx8 


200-250 ns 


64K E z PROM with 64-Byte Page & Software Data Protection, 2.7-Volt 


AT28BV256 


32KX8 


200-250 ns 


256K E 2 PROM with 64-Byte Page & Software Data Protection, 2.7-Volt 


Low Voltage (3.0V to 3.6V) 


AT28LV128 


16KX8 


200 ns 


128K E 2 PROM with 64-Byte Page & Software Data Protection, 3.0-Volt 


AT28LV010 


128KX8 


200-250 ns 


1M bit E 2 PROM with 128-Byte Page & Software Data Protection, 3.0- Volt 


Standard Voltage (5V) 








AT28C16 


2Kx8 


150 ns 


16K E 2 PROM 


AT28C16E 


2Kx8 


150 ns 


16K E 2 PROM with Extended Endurance & Fast Write 


AT28Ct7 


2Kx8 


150 ns 


16K E 2 PROM with Ready/Busy 


AT28C17E 


2Kx8 


150 ns 


16K E 2 PROM with Ready/Busy & Extended Endurance & Fast Write 


AT28C64 


8Kx8 


120-250 ns 


64K E 2 PROM 


AT28C64E 


8KX8 


120-250 ns 


64K E 2 PROM with Extended Endurance & Fast Write 


AT28C64X 


8KX8 


120-250 ns 


64K E 2 PROM without Ready/Busy 


AT28C64B 


SKxS 


1 50-250 ns 


64K E 2 PROM with 64-Byte Page & Software Data Protection 


AT28C256 


32Kx8 


150-250 ns 


256K E 2 PROM with 64-Byte Page & Software Data Protection 


AT28C256E 


32KX8 


1 50-250 ns 


256K E 2 PROM with Extended Endurance 


AT28C010 


128KX8 


120-250 ns 


1 M bit E 2 PROM with 128-Byte Page & Software Data Protection 


AT28C010E 


128KX8 


120-250 ns 


1 M bit E 2 PROM with 128-Byte Page & Extended Endurance S Software Data Protection 


AT28C040 


512K x 8 


200-250 ns 


4M bit E 2 PROM with 256-Byte Page & Software Data Protection 



Secure Memory ICs 





AT88SC101 


1024x1 


1K Serial E z PROM with Security. 1 Memory Zone, 1024 Bits 








1024x1 


1K Serial E 2 PROM with Security. 2 Memory Zones. 512 Bils Each 






1536x1 


1K Serial E 2 PROM with Security, 3 Memory Zones, 512 Bits Each 






AT88SC1601 


15,872x1 


16K Serial E 2 PROM with Security, 1 Memory Zone. 15,872 Bits 






AT88SC1604 


15,968 x 1 


16K Serial E 2 PROM with Security, 3 Memory Zones, 4096 Bits Each, and 1 Memory Zone, 3680 Bils 






RF ID ASICs 




Analog, Digital S Memory on Single-Chip ASIC 
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Serial E 2 PROMs 



Part Number 
























AT24C01 


128 X 8 


1 .8, 2.5. 2.7, 5.0 V 


1K, 2-Wire Bus Serial E 2 PROM, Non-Cascadable 






AT24C21 


128 X 8 


2.5 V 


1 K. 2-Wire Bus Serial E 2 PROM. Dual Mode. Plug & Play Operation 






AT24C01A 


128 X 8 


1.8, 2.5, 2.7, 5.0 V 


1K, 2-Wire Bus Serial E 2 PROM 






AT24C02 


256 X 8 


1.8. 2.5. 2.7, 5.0V 


2K. 2-Wire Bus Serial E 2 PROM 






AT24C04 


512x8 


1.8, 2.5, 2.7, 5.0 V 


4K, 2-Wire Bus Serial E 2 PROM 






AT24C08 


1024 x8 


1.8, 2.5, 2.7, 5.0 V 


8K. 2-Wire Bus Serial E 2 PROM 






AT24C 1 6 


2048 x 8 


1.8, 2.5, 2.7, 5.0 V 


16K. 2-Wire Bus Serial E 2 PROM 






AT24C164 


204B x 8 


1.8, 2.5, 2.7, 5.0 V 


16K, 2-Wire Bus Serial E 2 PROM with Cascadable Feature 






AT24C32 


4096 X 8 


1.8, 2.5, 2.7, 5.0 V 


32K, 2-Wire Bus Serial E 2 PROM with Cascadable Feature 






AT24C64 


8192x8 


1.8, 2.5, 2.7, 5.0 V 


64K, 2-Wire Bus Serial E 2 PROM with Cascadable Feature 






AT24C12B 


16,384 X 8 


1.8, 2.7, 5.0 V 


128K, 2-Wire Bus Serial E 2 PROM with Cascadable Feature 






AT24C2S6 


32.768 X 8 


1.8, 2.7,5.0 V 


256K, 2-Wire Bus Serial E 2 PROM with Cascadable Feature 






AT25010 


128x8 


1.8, 2.7, 5.0V 


1 K, SPl Bus Serial E 2 PROM. Supports SPI Mode and 3 






AT25020 


256x8 


1.8, 2.7, 5.0 V 


2K SPl Bus Serial E 2 PROM Supports SPI Mode and 3 






AT25040 


512x8 


1.8, 2.7, 5.0 V 


4K SPI Bus Serial E 2 PROM Supports SPI Mode and 3 






AT25080 


1024 X 8 


1.8, 2.7. 5.0 V 


Ok" GDI Ri re Ccul C^DOrWA Qi mnnrte QDI kAnAa f) anrl 1 

or*., ori dus oericti d rrtLJivi, ouppons ori iviooe u ano o 






AT25160 


2048 X 8 


1.8, 2.7, 5.0 V 


ior\. an dus oenai c rnvjivi, ouppons on Muoe u ana ^ 






AT25320 


4096 x8 


1.8, 2.7, 5.0 V 


j^r\. ori dus oeriai t rnuivi. ouppons ori lYioue u ano o 






AT25640 


8192x8 


1.8, 2.7, 5.0 V 


64K. SPI Bus Serial E 2 PROM. Supports SPI Mods and 3 






AT25128 


16.384 X 8 


1.8, 2.7. 5.0 V 


128K. SPI Bus Serial E 2 PROM, Supports SP] Mode and 3 






AT93C46 


64x16/128 x8 


1.8. 2.5. 2.7, 5.0 V 


1K. 3-Wire Bus Serial E 2 PROM 






AT93C46A 


64x16 


1.8,2.5,2.7,5.0V 


IK, 3-Wire Bus Serial E 2 PROM 






AT93C56 


128 X 16 / 256 x8 


2.5, 2.7, 5.0 V 


2K, 3-Wire Bus Serial E 2 PR0M 






AT93C57 


128x16/256x8 


2.5. 2.7. 5.0 V 


2K. 3-Wire Bus Serial E 2 PROM mth Special Address 






AT93C66 


256x16/512x8 


2.5. 2.7, 5.0 V 


4K. 3-Wire Bus Serial E 2 PROM 






AT59C11 


64x16/128x8 


2.5, 2.7. 5.0 V 


1K, 4-Wire Bus Serial E 2 PROM 






AT59C22 


128x16/256x8 


2.5, 2.7. 5.0 V 


2K. 4-Wire Bus Serial E 2 PROM 






AT59C13 


256x16/512x8 


2.5, 2.7, 5.0 V 


4K. 4-Wire Bus Serial E 2 PR0M 







E 2 Logic Family: E 2 PR0M + Gate Array 



Pari Number 


E 2 PROM Bits 


Number of Usable Gates 






Number of I/O 


Package Type 


AT88SC230 
AT88SC1610 
AT88SC 16350 


2.048 
16.384 
16,384 


3.000 
1.500 
35,000 


100 
8 
144 


PQFP/TQFP/PLCC 

PDIP/SOIC 

PQFP/TQFP/PLCC 
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Microcontrollers 



Part Number 


Memory Size 


Description 


AT89C51 


4K x 8 


80C31 Microcontroller with 4K bytes Flash 


AT89LV51 


4K x 8 


z. 7- volt, eUwi Microcontroller witn 4r\ oytes riasn 


AT89C52 


8K x 8 


80C32 Microcontroller with 8K bytes Flash 


AT89LV52 


8K x 8 


2.7-Volt, 80C32 Microcontroller with 8K bytes Flash 


AT89C1051 


1K x 8 


80C31 Microcontroller with 1 K bytes Flash. 20-Pin Package 


AT89C205 1 


2K x 8 


80C31 Microcontroller with 2K bytes Flash. 20-Pin Package 


AT89S8252 


8Kx8 


Downloadable Microcontroller with 8K bytes Flash and 2K bytes E £ PROM 


AT89S53 


12K x8 


Downloadable Microcontroller with 12K bytes Flash 


AT89C55 


20Kx8 


80C32 Microcontroller with 20K bytes Flash 


AT90S1200 


1Kx8 


AVR® RISC Downloadable Microcontroller with 1K bytes Flash and 64 bytes E 2 PROM, 20-Pin Package 


AT90S2313 


2Kx8 


AVR® RISC Downloadable Microcontroller with 2K bytes Flash and 128 bytes E a PROM. 20-Pin Package 


AT90S8515 


8Kx8 


AVR® RISC Downloadable Microcontroller with 8K bytes Flash and 512 bytes E 2 PROM. 40-Pin Package 



AVR® Development Tools 




Cache Logic® FPGAs 



Part Number 


Registers 


Usable Gates 


Frequency 


Description 


AT6002 


1.024 


6K 


350 MHz 


96 I/O Pins, 5-Volt, Very Low Power 


AT6003 


1,600 


9K 


350 MHz 


120 I/O Pins, 5-VolI, Very Low Power 


AT60O5 


3.136 


15K 


350 MHz 


140 I/O Pins. 5-Volt. Vary Low Power 


AT6010 


6.400 


30K 


350 MHz 


204 I/O Pins, 5-Volt. Very Low Power 


Low Voltage 


AT6002LV 


1.024 


6K 


250 MHz 


96 I/O Pins, 3-Voll. Very Low Power 


AT6003LV 


1.600 


9K 


250 MHz 


120 I/O Pins, 3-Voll, Very Low Power 


AT6005LV 


3,136 


15K 


250 MHz 


140 I/O Pins, 3-Voll. Very Low Power 


AT6010LV 


6.400 


30K 


250 MHz 


204 I/O Pins. 3-Volt, Very Low Power 



FPGA Design Development Software 

FPGA design tools are available across a broad range of CAE tool vendors and PC and workstation platforms. Design 
methods supported include: schematic capture, logic synthesis (VHDL and Verilog), PLD entry, (ABEL and CUPL), and 
automatic component generation of hard macros for user-parametrized structured logic (arithmetic elements, counters, reg- 
isters, encoders, decoders, and other common functions). Refer to current Configurable Logic Data Book. 
CAE Tool Support: 

Cadence, Everest, Exemplar, Intergraph, Mentor, OrCAD, Synopsys, Synario, Verilog, ViewLogic. 
Platform Support: 

PC, SUN Workstations, HP Workstations. 
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